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PROJECTIONS OF THE CONSUMPTION OF COMMODITIES PRODUCIBLE ON 
THE PUBLIC LANDS OF THE UNITED STATES 


SUMMARY 


The objective of this study was to provide projections 
of the consumption of commodities producible on the public 
lands, which can be used as a basis for evaluating the effects 
of alternative land policies. National and regional projec- 
tions to 1980 and 2000 are presented both for the commodities 
producible on the public lands and for those economic and 
demographic aggregates most likely to reflect the general 
standards and patterns of life in the United States during 
the next 30 years. Historical data from 1948-65 were used 
in most cases to establish the trends on which most of the 
projections were based. In making the projections, subjec- 
tive analysis was employed in interpreting trends and select- 
ing appropriate estimating equations, which were determined 
by regression analysis. 


In addition to the four census regions of the United 
States, projections were made for the 11 contiguous western 
States (not including Alaska and Hawaii). Low, medium, and 
high projections were made in most instances, with the medium 
projections defined as the most likely values of projected 
variables, and the high or low projections limiting the plaus~- 
ible ranges of variable values. Unless otherwise stated, 
medium projections only are presented in this summary. 


National and Regional Aggregates 


National. and regional aggregates which will influence 
commodity consumption and reflect the general standards and 
patterns of life within the next 30 years include population, 
labor force, employment, productivity, gross output, indus- 
trial production, and personal income. 


Population 


Projections of national population were based on an ex- 
amination of demographic trends, including birth rate, death 
rate, fertility rate, and net immigration. U.S. Bureau of the 
Census Series C fertility assumptions were assumed, resulting 
in projections of total national populations of 235.2 million 
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in 1980 and 307.8 million in 2000. Prospective migration be- 
tween regions was accounted for in the regional projections; 
the complete range of national and regional populations is 
shown in tables 1 and 2. The distribution of population be- 
tween urban and rural areas (tables 3 and 4) indicated that 
by 2000, 82 percent of the national population will be urban. 


Labor Force and Employment 


The percentage of the population that will comprise 
the labor force in 1980 and 2000 (60.5 and 62.3 percent, re- 
spectively) will be higher than in 1965 (58.8 percent) due to 
increased participation by women. The possibility that this 
factor may be outweighed by a trend toward later entry and 
earlier retirement from the labor force is indicated in the 
low projections (56.1 and 55.1 percent, respectively) , which 
are below the 1965 level. 


Employment was assumed to be 96 percent of the labor 
force in both 1980 and 2000 (table 6), taking into account 
both the ability of the economy to use the services of an in- 
creased labor force and increased output per employed person. 
Regional employment was projected on the basis of historical 
employment-to-unemployment ratios in each region, and incor- 
porates the tendency toward narrowing regional differentials 
(tables 6 and 7). 


Productivity and Gross National Product 


The projected rate of increase of productivity assumed 
an annual growth rate of 2.6 percent in real output per em- 
ployed person. This rate, with the projected increases in 
employment, resulted in annual real gross national product 


(GNP) rates of 4.4 percent for the period 1965-80 and 4.2 per- 


cent for the period 1965-2000 (tables 9 and 10). Gross na- 
tional product is projected to be $1,176 billion in 1980 and 
$2,603 billion in 2000. Projected components of GNP are: 
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Billion 1958 dollars 


1965 1980 2000 

Personal consumption expenditures... 398 773 1,606 
Gross private domestic investment.. 98 189 416 
Government purchases of goods and 

SOEVECES 0 4 nsitie sso eveltiansetee- rime 114 206 567 
EXPO GC Sieveteuesst el oteke op ores #1 ots) eeevoled rer oe) ol teres 38 76 193 
TEMPO GES ers cuevslies cusasveus aieperersnes bee e ee eeee 32 68 180 
Personal disposable income is pro- : 
JE CESAR EO ROE\t a sueterstensioie sions <ioteister= sisi 451 859 1,784 


Industrial Production 


Taking into account the projected levels of GNP and 
its components, projections were made for the Federal Reserve 
Board indexes of industrial production, giving total indexes 
of 308 and 605 for 1980 and 2000, respectively, compared with 
the actual total index of 143 in 1965 (1957-59 equals 100). 


Gross Product Originating and Personal Income 


; Projections of gross product originating (GPO) in each 
region and regional personal income (tables 15-19) incorpo- 
rate historical trends of product distribution among regions. 
Following are the projections of the sectorial distribution 
of national GPO: 


Million 1958 dollars 


1960 1980 2000 
National GP Olsicre tei c.2101 soe 484,482 1,176,500 2,602,700 
Agriculture ag lodege iateiie ss 23,334 30,600 41,600 
Manufacturing.......- 138,583 385,900 788,200 
All other sectors... 322,565 760,000 i 782),900 


: ; National personal income is projected to be $935.3 bil- 
lion in 1980 and $2,069.2 billion in 2000. 
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Agricultural Commodities and Forages 


Projections of the domestic consumption of selected 
agricultural commodities in 1980 and 2000, including leading 
feed and food grains, fibers, meats, and forages, were based 
mainly on multiple regression equations. 


Grains and Soybeans 


The total consumption of wheat for food should in- 

crease slightly during the next 40 years, but probably at a 
rate significantly lower than population. Corn used by the 
corn refining industry should increase at a faster rate than 
population. Per capita use of other grain products for food 
should remain at approximately current levels. Specific pro- 
jections, summarized in table 20, include 16.2 million tons 
of wheat for food in 1980 and 17.5 million in 2000, compared 
with 15.2 million in 1965. Total all grains for 1965, 1980, 
and 2000 are 26.6, 31.6, and 38.8 million tons, respectively. 


The quantity of grains fed to livestock and poultry in 
1980 will be between 27 and 47 percent more than 1965 consump- 
tion, and between 90 and 146 percent more by 2000. Comparable 
increases are projected for soybeans processed in this country 
for oil and meal, but the rate of growth in the domestic use 
of this commodity is projected to be somewhat lower than the 
1948-65 rate. 


Projections of exports of soybeans, wheat, and feed 
grains not only reflect patterns of world trade since 1954, 
but also possible shortages of foreign exchange among most 
free world developing nations and U.S. policies concerning 
foreign aid. Projected exports of wheat, feedgrains, and soy- 
beans indicate that, by 1980, wheat and flour exports should 
be roughly twice the amount used domestically for food, and 
approximately three times such domestic use in‘2000. Most 
wheat sales will continue to be made on a concessional basis, 
Or under noncommercial credit arrangements. Commercial sales 
of wheat are not expected to increase proportionately. Total 
wheat exports should double by 2000, compared with 1965 ship- 
ments. 


Feed grain and soybean exports are projected to in- 
crease at significantly higher annual rates than wheat ship- 
ments, although historical growth rates actually attained 
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since 1954 probably will not be exceeded. Compared with 1965 
levels, feed grain exports by 1980 are projected to be between 
51 and 83 percent higher, and 188 to 241 percent higher by 
2000. The projections of soybean exports indicate that quan- 
tities shipped in 1980 and 2000 will be 150 and 330 percent, 
respectively, above 1965 exports (table 24). 


Forages and Meat 


Annual total feed nutrients obtained by cattle and 
sheep from forage are projected to increase approximately 50 
percent by 1980 and over 110 percent by 2000, compared with 
recent levels (table 25). The feeding value that livestock 
will obtain from grazing is projected to increase approxi- 
mately the same relative amount as the total feed nutrients 
obtained from mechanically harvested forage. The projections 
of livestock inventories indicate that most of the increase 
in total roughage consumption will be related to moderate in- 
crease in roughage-consuming animals. Nearly all of this in- 
crease should be in beef cattle since no increase in dairy 
cows is in prospect. Changes in numbers of sheep in the fore- 
seeable future should not materially influence national for- 
age requirements. 


Beef consumption is projected to continue to grow sig- 
nificantly faster than population, and the annual rates of 
increase in consumption through 2000 should be slightly high- 
er than the 2.9 percent per year attained during the past 20 
years. This increase in beef eating reflects a continued 
strong consumer preference for beef, compared with other red 
meats. Veal consumption is projected to decline materially 
during the next 40 years. Prospects for lamb eating are less 
determinable: under most assumptions, total lamb consumption 
will increase at least modestly. Per capita consumption by 
2000 is projected to be at least as high as recent levels, 
and may well be slightly higher (table 26). Exports of these 
selected meats from the United States should continue to be 
negligible, compared with domestic consumption, during the 
rest of this century. 


Cotton (Lint) and Wool 


Cotton fiber consumption in the United States is pro- 
jected to remain relatively constant and per capita consump- 
tion should continue to decline through 2000. All of the net 
decline in domestic consumption will be accounted for by 
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declines in demand for this fiber for industrial and house- 
hold uses; apparel manufacturers will increase their total 
consumption of cotton (table 27). 


The per capita consumption of wool, which has been de- 
creasing in recent years, is expected to continue to decline. 
Because of population increases, however, the total consump- 
tion of wool is projected to increase by both 1980 and 2000 
(table 29). 


Chemicals and Fertilizer 


Projections of the domestic consumption of phosphate 
rock, potash, and sulfur, by principal end-uses or inter- 


_mediate products, were based mainly on regression analyses 


developed to explain annual variation in use during 1948-65. 
Export shipments were projected independently of domestic use. 
Subjective analyses led to estimates of how prospective fer- 
tilizer consumption in foreign free world countries might 
alter recent trends in U.S. exports of these fertilizer raw 
materials. 


Phosphate Rock 


Developments in phospatic fertilizer technology will 
be the prime determinant of phosphate rock consumption in the 
United States during the next 30 years. Projections allowed 
for the fact that widespread acceptance of major improvements 
in the chemical efficiencies of phosphatic fertilizers could 
create unprecedented demands for phosphate rock. 


By 1980, total phosphate rock consumed domestically by 
fertilizer manufacturers and other chemical-using industries 
is projected to be between 37 and 49 percent above 1963-65 
levels, if improvements in fertilizer technology turn out to 
be minor. Consumption is projected to increase to nearly 
12 million tons, or 140 percent above recent levels, by 1980 
if major technological advances and their commercial exploi- 
tation should occur. Regardless of future technological de- 
velopments, however, significantly larger portions of phos- 
phate rock will be reduced to phosphoric acid before being 
made into agricultural and industrial products for domestic 
consumption or export. Between 1980 and 2000, use of phos- 
phates by agriculture and industry should increase at slightly 
lower annual rates than between 1965 and 1980. 
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Projections of exports of phosphates indicate that the 
dynamic growth in foreign sales attained since 1954 probably 
will continue. By 1980, exports of phosphates could well ex- 
ceed domestic consumption, and foreign shipments by 2000 will 
exceed domestic use by 66 to 83 percent. Major advances in 
phosphatic fertilizer technology in this country, however, 
would reduce substantially the relative importance of project- 
ed foreign sales compared with total consumption of U.S. phos- 
phate rock. 


Potash z 


Potash used by fertilizer manufacturers is projected 
to increase at significantly lower rates than phosphates, 
particularly during the last two decades of this century. 
Other minor industrial uses of potassium compounds are pro- 
jected to continue to increase at rates similar to recent in- 
crements in annual growth. By 1980, consumption is projected 
to reach levels between 47 and 59 percent above 1963-65 re- 
quirements, and from 81 to 98 percent higher by 2000. 


Potash exports will not continue to increase as rapid- 
ly as the spectacular expansion which has occurred since 1954. 
Competition from Canadian and European_suppliers will prob- 
ably curtail additional demands for U.S. potash, at least 
through 1980. If agronomic needs for potassium fertilizers 
in free world developing countries prove to be similar to re- 
cent experience in commercial agriculture in the developed 
countries, U.S. potash exports during the 1980's and 1990's 
would increase nearly as fast as total world fertilizer con- 
sumption, unless most of this market is captured by greatly 
expanded Canadian production. 


Sulfur 


Sulfur consumption is expected to continue to grow at 
a constant rate relative to the expansion of industrial pro- 
duction. Projections through 2000 indicate that growth rates 
during the next 15 years will be similar to those attained 
since 1948, but the average annual increases during the last 
two decades of this century will be somewhat smaller. In- 
creasing quantities of sulfur will be converted into sulfuric 
acid for diverse industrial purposes. By 2000, sulfur con- 
sumption will be determined almost entirely by the effective 
demand for sulfuric acid. 
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Moderate increases in sulfur exports from 1965 levels 
seem relatively certain after 1970. Growth rates generated 
by record demands from foreign fertilizer manufacturers may 
cause U.S. sulfur exports to increase as rapidly as phosphate 
shipments, provided ample new sources of sulfur for domestic 
requirements are developed. Known reserves of native sulfur 
in the United States. should continue to limit exports from 
this country. Major technological developments for sulfur 
recovery or extraction from new sources will probably release 


substantial additional elemental sulfur for export after 1980. 


Foreign shipments by 2000 are projected to reach levels at 
least 141 percent above 1965 sales. 


Selected Metals and Other Nonfuel Minerals 





The metals and nonfuel minerals selected are both im- 
portant and representative commodities produced ‘from U.S. 
public lands. The list is not exhaustive, however, and cer- 
tain important materials were not projected because of the 
special monetary or strategic character of their uses. 


Projections were made for national demand, except for 
sand and gravel which were also made on a regional basis. 
For the most part, the estimates used appropriate series and 
forecasts of Federal Reserve Board indexes of industrial pro- 
duction as independent variables in simple regressions. 


Projection of Major Metals 


A forecast of iron and steel consumption and exports 
was made as an intermediate calculation in estimating demand 
for iron ore and manganese ore. Also, an assumption as to 
U.S. production of iron and steel (based on a limitation of 
imports to 15 percent of consumption) was adopted to assist 
in calculations of fuel and power demand. The figures are 
higher than other recent estimates because the projections of 
GNP used reflected the influence of high rates of growth since 
1961; the definition of demand is broad, including all forms 
of iron and steel and imports and exports; no allowance was 
made for possible supply limitations. The projected total 
iron and steel demand together with that of the iron ore nec- 
essary to make projected quantities of domestically demanded 


eae for the years 1980 and 2000 are shown in the tabulation 
elow. ~ ¢ 
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Among the nonferrous metals, aluminum and magnesium 
are expected to continue to grow rapidly in demand. The de- 
mand for each is projected to more than double by 1980 and 
to be five times greater in the year 2000 than in 1965. Cop- 
per, lead, and zinc demand will increase more slowly, with 
the demand for lead expected to be the slowest of all (see 
tabulation below). 


Projections of Minor Metals and Additives 


Manganese ore, nickel, molybdenum, tungsten, and van- 
adium are expected to experience strong growth in demand as 
high levels of GNP result in continued high demands for high- 
performance metals. Manganese ore demands in 1980 and in 
2000 reflect its use in steelmaking (including manganese ore 
used to make steel and other products imported by the United 
States). Demand for these materials will double or more by 
1980 and quadruple or more by 2000. The rate of growth for 
nickel appears low compared with 1965 because that year was 
one of high nickel consumption. 


Demand for diatomite will almost triple in 1980 and 
will be six times as great in 2000. Sand and gravel, includ- 
ing crushed stone, will also almost triple in 1980, and will 
reach 11,221.8 million short tons in 2000 as construction de- 
Mand multiplies with high-level income. 


The United States is a net importer of most metals and 
minerals. For those for which exports are significant, molyb- 
denum (69.4 million tons in 1980 and 139.4 million in 2000) 
and diatomite (296,500 short tons in 1980 and 603,200 in 
2000) head the list. Aluminum is both exported and imported, 
as is iron ore, but imports predominate. 


The following tabulation shows demand (consumption 
plus exports) for 1965 and projections for 1980 and 2000: 





1965 1980 2000 Unit 

Iron and steel 105.6 255.8 451.1 Mil. long tons 
Iron ore ‘lis S252 551.4 do. 
Aluminum 3,736.2 9,054.7 19,138.5 Thou. short tons 
Copper 2,883.7 4,492.6 Hy Tilley. at do. 

Lead 1,241.5 1,365.8 ly a7 Aa ys Real do. 

Zinc a2 ena 21, O51 62 OG sigie do. 
Magnesium Boe 2 246.0 522.6 do. 
Mercury One 152.8 288.2 Thou. flasks 
Manganese ore 2,866.1 8,307.6 15,183.9 Thou. short tons 
Nickel IES al 327.6 651.7 do. 
Molybdenum eS 275.53 249.5 Mil. lbs, 
Tungsten 10.4 24.4 Sie do. 
Vanadium 4.7 12.3 22.4 Thou. short tons 
Diatomite 580.3 1,482.5 3,016.0 do. 

Sand, gravel, 

and crushed 

stone y 1,685.7 4,561.6 11,221.8 Mil. short tons 


y 
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Mineral Fuels and Electricity 


The consumption of conventional fuels (coal, oil, and 
gas) in the United States is projected to increase from 52 
quadrillion B.t.u.'s in 1965 to between 73 and 86 quadrillion 
in 1980, and between 108 and 146 quadrillion in 2000. Uran- 
ium (U0 ) consumption is expected to quadruple by 1980 and 
double again by 2000. 


The industrial use of conventional fuels will show the 
most rapid rate of growth, increasing by 225 percent, between 
1965 and 2000. Transportation consumption, with an increase 
of 210 percent, will also account for a large share of the 
incremental market. Direct consumption of conventional fuels 
for residential and commercial uses is projected to grow by 
40 and 100 percent, respectively, for electric generation in 
1980 and 2000. 


; Electricity consumption is projected to increase from 
1.2 billion kilowatt hours in 1965 to 2.8 billion in 1980, 
and to 6.1 billion in 2000. In addition to the conventional 
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fuels consumed for generation, almost all uranium consumed 
will be for power generation. Although hydro generation is 
expected to increase by about 50 percent by 2000, its share 
of total generation will decline. 


Projections of gas consumption indicate an increase 
from 16.3 trillion cubic feet in 1965 to 27.0 trillion in 
1980 and 42.2 trillion in 2000. ‘Two-thirds of the incremen- 
tal requirement for gas will come from industry, which will 
more than quadruple its consumption of gas by 2000. Resi- 
dential and commercial consumption will grow by more than 
50 percent, and consumption for electric power generation by 
nearly two-thirds. Gas is projected to increase its share of 
the total market for conventional fuels from 33 percent in 
1965 to 35 percent in 2000. 


Projected oil requirements show an increase from 3.7 
billion barrels in 1965 to 5.3 billion in 1980 and GOmo mks bi 
lion in 2000. Half the oil consumed in 1965 was for transpor- 
tation; by 2000, requirements for transportation are projected 
to nearly treble and to account for over two-thirds of the in- 
Cremental consumption of oil. Industrial consumption of oil 
is also expected to increase and to continue to account for 
about one-tenth of the oil market, but both residential con- 
sumption and consumption for electric generation are projected 
to decline. ; 


Projected coal consumption indicates an increase from 
524 million tons in 1965 to 773 million “in 1980, and to 1,140 
million in 2000. The greatest increase in coal consumption 
will be for electric power generation, which will account for 
nearly three-fifths of the incremental coal market between 
1965 and 2000. By 2000, electric power plants are projected 
to consume 636 million tons of coal, compared with 273 mil- 
lion in 1965. Apart from exports, which are projected to 
double from 50 million tons to 100 million, nearly all of the 
domestic coal consumed will be for industry, notably for metal- 
lurgical uses. An increase from 171 to 396 million tons is 
projected for industrial consumption from 1965 to 2000. No 
estimate was made of coal that might be used to obtain oil or 
gas between 1965 and 2000. 


Uranium (U,0,) consumption in recent years has been 
primarily by the dofernment. Consumption is projected to in- 
crease from 10,000 tons in 1965 to 42,000 in 1980, and to 
75,000 in 2000, almost entirely for electric power generation 
by utilities. Generation from nuclear power plants in 1980 
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is projected to account for 34 percent of the total genera- 
tion requirements, and 46 percent in 2000. Generation from 
nuclear power plants was negligible in 1965. 


Lumber, Panel, and Woodpulp Products 


Projections of the consumption of softwood and h 

ard- 
wood lumber products, veneer and plywood products, and wood- 
pulp products in the United States were based for the most 
part on recent U.S. Forest Service analyses and procedures 


revised according to the projected economic a 
jected in Chapter II. ggregates pro 


Lumber and Panel Products 


. Timber consumption in the United States i j 

to increase from 13.5 billion cubic feet of saa tencd en 
alent in 1962 to 18.9 billion in 1980, and to 23.8 billion 

in 2000. The Proportions of hardwood and softwood used are 
expected to remain the same through 2000. An increase of 

250 percent is expected for woodpulp products between 1962 
and 2000, and veneer and plywood products are expected to in- 
crease by 200 percent. Lumber products consumption, however 
is projected to increase by only 80 percent. i 


Price-induced substitution and technological 
are the basis for the relatively slow growth ee Potted 
for most uses of lumber. Lumber will tend to be replaced by 
veneer, plywood, and nonwood products. Lumber consumption is 
projected to increase from 5.9 billion cubic feet of round- 
wood in 1962 to 6-5 billion in 1980, and then to decline to 
6.2 billion in 2000. Although the amount of lumber cons umed 
for most end uses is expected to increase slightly, the larg- 
ate a ee See a cota aa is project- 
rceen rom 2 
decline to below the ¥962 level by nee Lice erase 


P _ The consumption of veneer and plywood pr i - 
jected to increase from 1.0 billion aio feet eae 
in 1965 to 2.0 billion in 1980, and to 3.1 billion in 2000 
The major consumers of veneer and Plywood products -- resi- 
dential and nonresidential construction and manufactured pro- 
ducts -- are expected to double or treble between 1962 and 
2000. Plastics and other nonwood products will be substituted 
“gs panel products to a greater extent, but this will be more 
an offset by greater use of plywood in place of lumber. 
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Woodpulp Products 


Consumption of paper and board is projected to increase 
by 175 percent between 1965 and 2000. The proportion of fi- 
brous material in relation to wood used to manufacture paper 
and board is expected to decline from 22 percent to 15 percent 
between 1965 and 2000. The amount of woodpulp products re- 
quired to meet the paper and board demand is projected to in- 
crease from 4.8 billion cubic feet in 1965 to 7.6 billion in 
1980, and to 13.1 billion in 2000. The proportion of hard- 
wood used in U.S. pulp mills will increase from 30 percent 
in 1965 to 43 percent in 2000. 


Net imports, mostly in the form of newsprint, are ex- 
pected to account for about 12 percent of consumption in 2000, 
compared with 17 percent-in 1965. Exports of wood products 
are projected to increase from 0.7 billion cubic feet in 1966 
to 2 billion cubic feet in 2000. The export market will prob- 
ably be split fairly evenly between lumber products and wood- 
pulp products. 


Outdoor Recreation 


The present and future demand for outdoor recreation 
is considered in terms of visits to Federal and State recrea- 
tion lands, outdoor recreation participation on all land, and 
fishing and hunting licenses. 


Recreational Activity on Federal Lands 


Projections of visits to Federal lands were based on 
multiple regression equations, and visits to four types of 
Federal recreation lands were treated separately -- national 
parks, other areas administered by the National Park Service, 
national forests, and wildlife refuges. Projected national 
park visits for 1980 and 2000 are 84.0 million and 217.8 mil- 
lion, respectively. On a per capita basis, this means almost 
double the 1965 visits in the coming 15 years (1980), and 
double again in the next 20 years (2000)-. In absolute terms, 
the projection of visits to areas administered by the NPS 
are 148.2 million for 1980 and 293.3 million for 2000, or 


.63 per 100 population in 1980 and 95 per 100 population in 


2000. 
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Projected total national forest visits for 1980 and 
2000 are 433.0 million and 958.7 million, respectively. 
This means a doubling by 1980 of visits per 100 population 
over the 1965 rate and a fourfold increase by 2000. Projec- 
tions of visits to wildlife refuges are 39.8 million in 1980 
and 77.9 million in 2000, a doubling per 100 population be- 
tween 1965 and 1980, and a further 50-percent increase by 
2000. 


Recreational Activity on State Lands 


Projections of visits to State lands are based on the 
comparative growth rate of visits to Federal and State lands 
in 1960 and 1965 and on the assumption that the rates of 
State Park visits to National Park visits will continue to 
increase at approximately the same rate as in the past. The 
projections of visits to State Parks, by regions, are shown 
in table 54; national projections are 1,290.6 million visits 
in 1980 and 4,118.1 million in 2000. 


Outdoor Recreation 


The projections of outdoor recreation participation of 
all land was based principally on the findings of the 1965 
survey conducted by the Bureau of the Census for the Bureau 
of Outdoor Recreation. Participation, projected by five 
groups of activities -- passive, physically active, water 
sports, winter sports, and back-country recreation -- is 
shown in table 55. 


Fishing and Hunting 


Multiple regression equations were used in projecting 
future demand for both fishing and hunting license holders. 
The national projections for fishing license holders are 32 
million in 1980 and 57.6 million in 2000, compared with 20 
million in 1965. National projections for hunting license 
holders are 16.5 million in 1980 and 20.5 million in 2000, 
compared with 14 million in 1965. 
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Land Occupancy Requirements 


Land occupancy requiremnts were projected for four ma- 
jor nonagricultural land uses: urban land; rural land with- 
drawn for transportation and other rights-of-way; rural land 
withdrawn for second homesites; and rural land controlled by 
the U.S. Department of Defense (DOD) and used for military 
purposes. The projections were subjective, based on a quali- 
tative review of existing information on past, present, and 
future land area requirements for the four projected land 
uses. 


Urban Land 


Urban land is defined in this report as the land area 
within which the resident population would be classified as 
urban because of its size or density, under the definition of 
urban used by the 1960 U.S. Census of Population. The remain- 
der of the total land area is defined as rural land. In 1960, 
urban land comprised 23.7 million acres (or 1.25 percent) of 
the 1,902 million acres of land in the 48 States. 


The area encompassed by urban land consists primarily 
of land which is in use for such purposes as housing, indus- 
try, and transportation. In addition, urban land includes a 
substantial area which is vacant or which is used for such 
nonurban purposes as farmland and woodland. The proximity of 
land already used for urban purposes to such land effectively 
withdraws it from potential long-term use for nonurban pur- 
poses. For this reason, the definition of urban land used 
in this report describes the total land withdrawn by urbaniza- 
tion from potential long-term nonurban use, even though part 
of this land is not currently being used for urban purposes. 
The area comprising urban land is projected to increase to 
34.7 million acres by 1980 and 48.7 million by 2000. 


Rural Land Withdrawn for Transportation and 
Other Rights-of-Way 


Rural land withdrawn for transportation uses is defined 
as the area of rural land withdrawn by highways, railroads, 
airports, and utility rights-of-way from primary use for non- 
transportation purposes. In 1964, rural land withdrawn for 
transportation uses comprised 25.7 million acres (or 1.35 per- 
cent) of the 1,902 million acres of land in the 48 States. 
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Because of the suitability of utility rights-of-way 
for multiple uses, and because of the lack of available data 
On present land requirements for rights-of-way, no attempt 
was made to project land withdrawals for rights-of-way. 
Rather, the land requirement for each utility, including 
electric transmission lines (55,000 volts and above), gas 
transmission pipelines, and interstate petroleum pipelines, 
were projected without regard to possible common use of land 
by the various utilities. 


The projection of land requirements for electric trans- 
mission lines are 7.6 million acres in 1980 and 9.8 million 
in 2000, compared with an estimated 3.1 million acres in 1965. 
Gas transmission pipelines, which required an estimated 
217,000 acres in 1965, will require 1.1 million acres in 1980 
and 1.3 million in 2000. in 1966, the land requirements of 
interstate petroleum pipelines were estimated to be 410,000 
acres. By 1980, petroleum pipelines will require 577,000 
acres, and by 2000, 988,000 acres (tables 60, 61, and 62). 


The area of rural land required for locally used rural 
highways does not appear likely to increase in the future. 
The area of rural land required for railroad rights-of-way 
has declined substantially in recent years and will probably 
continue to decline. The area of rural land required for 
airports is expected to remain constant, on the assumption 
that existing airports now located in rural areas will be in- 
corporated in urban areas at approximately the same rate as 
new rural airport sites are developed. Major increases in 
the area of rural land withdrawn for transportation rights- 
of-way are expected to result almost exclusively from in- 
creases in land required for State primary highway and Inter- 
state Highway System rights-of-way. It is expected that the 
rural land area withdrawn for transportation rights-of-way 
will increase to 26.4 million acres by 1980 and 27.5 million 
acres by 2000. 


Rural Land Withdrawn for Second Homesites 
rn OF pecona Homesites 


Rural land withdrawn for second homesites is defined 
in this report as the area of rural land withdrawn by second 
homes from primary use for other purposes. This definition 
is intended to include only the rural land area which is pri- 
Marily used by second-home owners for recreation purposes, 
and to exclude agricultural and forest land surrounding sec- 
ond homesites which is not primarily used for recreation pur- 
poses, although legally owned by the second-home owner. 
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Measurements of rural land withdrawn for second home- 
sites are not available for the regions and States of the 
contiguous United States or the Nation as a whole. We esti- 
mated that as of 1960 the area of rural land withdrawn by the 
average second home was 2 acres, and that the total area of 
rural land withdrawn by second homesites comprised approxi- 
mately 3.3 million acres (or 0.17 percent) of the 1,902 mil- 
lion acres of land in the 48 States. 


The number of second homes increased substantially be- 
tween 1950 and 1960, and is expected to continue to increase 
as personal incomes increase and urbanization decreases the 
accessibility of outdoor recreation opportunities. The num- 
ber of second homes is projected to increase from 2.0 million 
in 1960 (of which 1.6 million were rural) to 3.9 million by 
1980 (3.1 million rural) and 5.1 million by 2000 (4.1 million 
rural). Decreasing land requirements for individual rural 
second homesites are expected to result from the growth of 
planned rural second-home communities, but the total land 
area required for second homes is expected to increase to 
4.8 million acres by 1980 and 5.7 million by 2000. 


Rural Land Controlled by the U.S. Department of Defense 
and Used for Military Purposes 


Rural land controlled by the U.S. Department of De- 
fense (DOD) and used for military purposes includes the fol- 
lowing types of land: owned (acquired through purchase, con- 
demnation, donation or transfer); leased; public domain (with- 
drawn permanently or temporarily by the military department) ; 
temporary use (acquired through license or permit, temporary 
public land order, temporary executive or territorial order); 
and easements (utility, clearance, etc.). In 1966, the total 
area of rural land controlled by the Department of Defense 
and used for military purposes in the 48 States amounted to 
22.7 million acres. The land area controlled by the DOD and 
used for military functions in 1980 and 2000 is not expected 
to vary substantially in size from the present land area in 
this category. Medium projections for 1980 and 2000 are, 
therefore, identical to the 1966 estimate of 22.7 million 
acres in the 48 States. ; 
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Water Use 


Projections were made of the regional water require- 
ments for public supplies, self-supplied industrial uses, and 
irrigation. In 1960, almost 266 billion gallons of water per 
day were withdrawn from streams and ground water supplies for 
these uses. It is anticipated that requirements will increase 
by more than 60 percent between 1960 and 1980, and by more 
than 150 percent between 1960 and 2000 (table 66). 


Water Requirements for Public Supplies 


Water used for public supplies includes all water pump- 
ed into public water supply systems. This water is used for 
municipal, domestic, and commercial and industrial purposes. 
Industrial self-supplied water includes all industrial water 
used which is not supplied by public water systems. Irriga- 
tion water includes all water used in the production of agri- 
cultural crops, including water for supplemental irrigation. 


In projecting regional water requirements, intensive 
use was made of cross-sectional data for 1960 provided by the 
U.S. Geological Survey. Regression equations were developed 
to describe and explain industrial water supplied from public 
supplies and the consumption of public supplied water, i.e., 
water not returned to streams or ground water storage. With 
the exception of these two categories of water use, all pro- 
jections of water requirements were based on relationships 
determined by other studies. 


The total water withdrawals for public supplies are 
projected to be 34.8 billion gallons per day in 1980, and 
50.3 billion per day by 2000. Of these amounts, only 3.7 bil- 
lion gallons per day in 1980, and 4.3 billion gallons per day 
in 2000, will be consumed. The remainder will be available 
for reuse. 


In general, the water requirements for public supplies 
in a given region are determined by the regional population 
served by public supplies, the degree of regional urbaniza- 
tion, and the structure of regional industry. Each of these 
variables was analyzed and projected for each of the regions 
considered in this study. 
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Water Requirements for Self-Supported Industry 


Although some industrial water is provided from public 
supplies, by far the greatest part of industrial water (more 
than 90 percent) is self-supplied by users. It is not antici- 
pated that any significantly greater proportion of industrial 
water will be supplied by public supplies in the future. The 
projections for self-supplied water for 1980 and 2000 are 
276.4 and 445.2 billion gallons per day, respectively. 


Water Requirements for Irrigation 


The current use of water in the United States for irri- 
gation accounts for approximately 40 percent of total water 
withdrawals (excluding water power), and 80 percent of the - 
annual consumption of water. Taking account of Federal water 
development projects now approved or on record awaiting auth- 
Orization to proceed prior to 1980, and assuming a continua- 
tion of past trends in Federal and private developments from 
1980 to 2000, it is projected that 50.5 million acres will 
be under irrigation in 1980 and 53.3 million acres in 2000. 


Withdrawals of water for irrigation purposes in 1980 
and 2000 are projected to be approximately 130 and 135 bil- 
lion gallons per day, respectively, in 1980 and 2000. Of 
these amounts, 39 billion gallons per day will be discharged 
and available for reuse in 1980, and 41 billion gallons per 
day will be discharged in 2000. 


Appendixes 


The Appendixes to each chapter present the detailed : 
methods used in projecting consumption and the supporting his- 
torical data used to establish trends. 
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CHAPTER [I 
INTRODUCTION 


-The objective of this study is to provide projections 
to 1980 and 2000 for national and regional populations, eco- 
nomic characteristics, outdoor recreational activities, land 
occupancy, and the consumption of commodities producible on 
the public lands of the United States. The purpose of these 
projections is to provide a framework within which the ef- 
fects of alternative public land policies can be tested and 
evaluated. 


Scope of Study 


The aggregates and commodities considered were deter- 
Mined by the requirements of the Public Land Law Review Com- 
mission. The aggregates selected are those which are mea-~ 
sures of the most important characteristics of the economy of 
the United States. Projections of these aggregates not only 
provide a basis for estimating general standards and patterns 
of life in the United States in 1980 and 2000, but are also 
the determinants of the consumption of commodities. 


The commodities selected for study are those which are 
producible on the public lands of the United States. It 
should be noted, however, that although these commodities are 
all producible on the public lands, for commodities such as 
wheat and cotton there is little or no current public lands 
production. 


National and Regional Projections 


Although both national and regional projections were 
made for population and most economic aggregates, regional 
projections were made only for those commodities which are 
Mainly consumed in the regions in which they are produced. 
Because the consumption of these commodities is related to a 
regional resource base, the requirements for resources relat- 
ed to these commodities are regional rather than national in 
scope. 


Preceding page blank 
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For commodities which were not considered on a region- 
al basis, regional consumption is not related to regional 
production. These commodities are usually embodied in fin- 
ished goods which are widely distributed throughout the United 
States. Further, the consumption in any given region is usu- 
ally small relative to national consumption. For these rea- 
sons, the requirements for resources related to these commodi- 
ties are national rather than regional. Although the growth 
of population and increased economic activity in any given 
region may eventually provide large regional markets for 
these commodities and for regional resources, the lack of 
historical data generally precluded the possibility of making 
realistic projections of future regional consumption. 


Outdoor recreational activities and land occupancy re- 
quirements are dependent on the physical and economic charac-— 
teristics of the regions in which they occur. Thus, regional 
projections were made for both. 


For the purpose of this study, regions of the United 
States are defined to be the three census regions of the 
eastern United States and the 11 contiguous western States. 
Even though national projections of aggregates, activities, 
and commodity consumption include Alaska and Hawaii, no re- 
gional projections were made for these States. Following is 
a list of the regions and States considered in the study: 


Northeast Montana Colorado 
North Central Idaho New Mexico 
South Wyoming Arizona 
West: Nevada Washington 
Utah California 
Oregon 


Projections of Aggregates 


As indicated above, aggregates were projected to pro- 
vide indicators of the standards and patterns of life in the 
United States in 1980 and 2000, and to provide a basis for 
projecting the consumption of specific commodities. Projec- 
tions were made for the following aggregates: 


1. Population. Projections were made of national and 
regional populations of the United States. In addition, na- 
tional and regional projections were also made for male and 
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female population components, urban and rural populations, 
and broad population age distributions. 


2. Labor Force and Employment. National and regional 
projections were made for the labor force, male and female 
labor force components, employment, and unemployment. 


3. Productivity. National and regional projections 
were made of productivity measured in terms of product per 
employed person. 


4. Gross National Product (GNP). In addition to pro- 
jections of GNP, projections were made for government pur- 
chases of goods and services (G), personal consumption expen- 
ditures (PCE), gross private domestic investment (GPDI), per- 
sonal income (PY), personal disposable income (PDY), and 
imports (M) and exports (X). 


5. Index of Industrial Production. The Federal Re- 
serve Board index of national industrial production, and im- 
portant components of the index were projected. Projections 
of regional indexes were not possible because comparable 
indexes do not exist for any of the regions considered in 
this study. 


6. Gross Product Originating (GPO). As regional 
equivalents of national GNP, projections were made for the 
GPO of each region considered in the study, the products of 
regional GPO component industrial sectors (including manufac- 


turing, agriculture, and "all other"), and regional personal 
incomes. 


Projections of Consumption 


Only national projections were made for commodities 
and activities, with the exception of water consumption, 
electricity generation, common variety minerals consumption 
(sand, gravel, etc.), land occupancy requirements, and out- 
door recreational activities. Both national and regional 
projections were made for electricity generation, common 
variety minerals, and recreation. In addition to national 
and regional projections, export projections were made for 
those commodities which flow in international trade. 
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Following is a list of the specific commodities and 
activities projected: 


(1) Agricultural crops (including feed grains, wheat, 
Soybeans, and cotton). 


(2) Forage (major products for which forage is used, 
in animal equivalents). 


(3) Timber (including softwood and hardwood sawlogs, 
veneer logs, and pulpwood). 


(4) Nonfuel minerals (including major metals -- iron 
and steel, aluminum, copper, lead, and zinc; 
minor metals -- manganese, mercury, nickel, tungs- 
ten, diatomite, molybdenum, vanadium, sand and 
gravel; and chemicals and fertilizers -- sulfur, 
potash, and phosphates). 


(5) Ener and mineral fuels (including electricity 
generation, oil, gas, coal, oil shale, and 
uranium) . 


(6) Water (including water for municipal, industrial 
and irrigation purposes) . 


(7) Land occupancy (including requirements for trans- 
portation, other rights-of-way, urban and indus- 
trial uses, military uses, scientific uses, and 
second homesites) . 


(8) Outdoor recreation (including recreation visits 
and visitor days to National and State parks, 
National forests, and wildlife refuges by summer 
day use, summer overnight use, and use for winter 
sports). 


(9) Fish and wildlife (including number of hunters 
and activity days for big game, small game, mi- 
gratory waterfowl, and fresh and salt water fish). 
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General Method 


All of the projections are internally consistent in 
the sense that projections of the consumption of basic com- 
modities are consistent with projections of the consumption 
of end products in which the commodities may be embodied. 
Further, the projections of the consumption of individual 
commodities are consistent with the projections of the con- 
sumption of all other commodities and the projections of ag- 
gregates. The requirements for consistency of the projec- 
tions did not demand the use of a single method in making the 
projections, however. Because of differences in the avail- 
ability and forms of official U.S. Government data and pro- 
jections, and other data and projections approved for use by 
the Public Land Law Review Commission, a variety of project-— 
ing techniques were employed. 


Use of Other Studies 


Because of time and budget constraints, it was neces- 
sary to rely to the greatest degree possible on the projec- 
tions and data provided by other studies. One source of in- 
formation considered as basic to the current study was a 1963 
study conducted by Resources for the Future, Inc. Although 
this study did not include projections on a regional basis, 
it provided an invaluable source for the projections of con- 
sumption of some of the commodities for which only national 
projections were made, particularly mineral fuels. 


A second important source of information was the Na- 
tional Planning Association. The continuing studies conduct- 
ed by NPA provided estimates for various aggregates, particu- 
larly regional gross product originating, which are not avail- 
able elsewhere. 


For projections of population, projections by the U.S. 
Bureau of the Census were used. These projections were then 
combined with the results of studies of the Bureau of Labor 
Statistics, the Bureau of Public Roads, and other Government 
agencies to obtain estimates of such variables as the labor 
force and urban and rural populations. 


The precise manner in which these and other studies 
were used as bases for the projections made in this study is 
explained in detail in the subsequent chapters and appendixes. 
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The literature cited in the chapters is presented in a bibli- 
ography at the end of each chapter. 


The Projection of Aggregates 


The projections of aggregates are based on Bureau of 
the Census population projections, judgment estimates of fu- 
ture GNP growth rates, and historical relationships (1948-65) 
of population, GNP, and various other aggregates. Low, 
medium, and high projections are provided for national and 
regional populations and each of the aggregates projected. 


(1) The medium projection reflects a judgment as to 
the "most likely" values of projected variables in the years 
1980 and 2000. For population, the medium projection was 
selected from the range provided by the Bureau of the Census. 
The medium projection for GNP was selected in consultation 
with the staff of the Public Land Law Review Commission. 
Medium projections for other aggregates are considered to be 
their "most likely" values, given the medium projections of 
population and GNP. 


(2) High and low projections of population and GNP 
were selected in the same manner as the medium projections. 
For other aggregates, the high and low projections were based 
on considerations of the implications of possible variations 
in the growth of population and GNP. 


The Projection of Consumption 


The projections of commodity consumption, outdoor 
recreational activities, and land occupancy requirements are 
related to projections of national and regional production, 
population, and other agaregates. Generally, the consumption 
of commodities was based on the demand for the major products 
for which the commodities are used as inputs. Suitable ad- 
justments were made to account for possible technological 
changes and commodity substitutions. Exceptions to this pro- 
cedure were made whenever it appeared feasible to make direct 
projections of commodity consumption because a substantial 
direct final demand for the commodity existed, or because the 
nature of the commodity allowed a direct relationship to be 
established between consumption and the values of aggregates. 


BEXS = 


; Most consumption projections in the study explicitly 
incorporate consumption and other trends observed for the 
period 1948-65. In a few instances, survey data were not 
sufficient to allow the construction of time series, particu- 
larly for water and recreational activities. 


; While efforts were made to update all relevant RFF 
series on consumption to 1965, consultation with members of 
the RFF staff revealed that the nature of much of the current 
data made it impossible to reconcile current data with all 
of the series. In instances where it was not possible to 


Se ace a series, new series were constructed for the period 


: As in the projections of the aggregates three jec- 
tions (low, medium, and high) were eae foe each cree cee 
consumption, and these projections correspond to the range 
of aggregate projections. It should be noted, however, that 
high consumption projections are not necessarily the end re- 
sult of the projected highs of al} aggregates, and the low 
projections are not necessarily the end result of the project- 
ed lows (e.g., high personal income May result in high pro- 
jections of electricity consumption for household spaceheat 
and low projections for coal used for this purpose). 


Basic Assumptions 


Because the projections of this study are based = 
cent trends in the major factors that at fact the Beanie Gos 
the United States, it has been necessary to assume that cer- 
tain trends will continue into the future. For the most part 
therefore, unless otherwise stated in the text of this re- : 


port, recent trends in the following are assumed i 
to 1980 and 2000: g to persist 


(1) U.S. consumption needs and preferences, 


(2) Changes in the relative prices of 
competing commodities. 


(3) Federal policies regarding economic 
growth, economic stability, economic 
equity, regional development, and 
foreign policy. 
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(4) Military commitments and mobilization 
for defense. 


Unless otherwise stated, Robert R. Nathan Associates, 
Inc., assumes full responsibility for all assumptions and 
analyses leading to the projections in this study. 
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CHAPTER II 


NATIONAL AND REGIONAL AGGREGATES 


Projections of population, labor force, employment, 
productivity, output, industrial production, and personal 
income for the Nation and for each of the regions for which 
commodity projections have been made are presented in this 
chapter. 


Population 


Projections of National Population 


The Bureau of the Census has prepared four alternative 
sets of U.S. population projections, based on four sets of 
alternative assumptions, for the years 1980 and 2000 (8) .2/ 
These projections and their underlying assumptions were 
studied to select the Census projections, or interpolations 
between projections, most likely to reflect the demographic 
changes which will occur in the United States between 1965 
and 1980, and 2000. The projections selected were then des- 
ignated as the medium population projections for this study. 
The Census projections were also studied to determine the 
most plausible high and low projections for the target years. 


The four sets of Census projections are alike in 
their assumptions of death rate and net immigration. The 
important differences in the projections are the assumptions 
about fertility which lead to substantial differences in the 
projected population. Census Bureau fertility rates are de- 
fined in terms of the total number of children per 1,000 
women in their lifetimes. The fertility assumptions under- 
lying the four alternative projections were summarized by 
the Bureau as follows: 


The projected average number of 
children per 1,000 women at the end 
of childbearing ("average size of 


I7 Figures in brackets refer to the Literature Cited at the 
end of each chapter. 
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completed family")...would gradually 
move towards the following ‘'terminal' 
levels: 


Series A, 3,350, approximately the 
level of the calendar-year total 
fertility rate in 1963 (i.e., the 
synthetic rate based entirely on 
the experience of 1963). 


Series B, 3,100, about the level of 
the average of the calendar-year 
rates in 1964 and 1965. 


Series C, 2,775, corresponding to 
the calendar-year rate of 1966. 


Series D, 2,450, last observed as 
a calendar-year rate in the early 
forties [8]. 


Medium Projections of National Population 


The statistical data and various human factors indi- 
cate that the most likely projections of the United States 
population in 1980 and 2000 are based on the Census Bureau 
Series C fertility assumptions. These assumptions result in 
projections of total population of 235 million in 1980 and 
308 million in the year 2000 (table 1). The current fertil- 
ity rate, as indicated by data for the first three quarters 
of 1967, is somewhat below the rate assumed by the Series C 
projections. Because the current fertility rate appears to 
be abnormally low given the experience of recent decades, 
the rate over the coming years will probably average slight- 
ly higher than the current rate, although lower than the 
1965 rate and much lower than the rates in the 18 years pre- 
ceding 1965. 


High and Low Projections of National Population 


The Census Bureau high projections of population are 
based on the Series A fertility assumption. Under this as- 
sumption, the average number of children born per 1,000 
women will gradually move toward a level of 3,350. Such a 
high rate has not been achieved by any cohort of women since 
those born in the early 1880's [15, p.4]. Whereas the co- 
horts born in 1935 and 1936 are passing through their most 
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fecund years at the postwar peak of birth rates and may 
achieve a fertility rate approaching the Series A projec- 
tion rate, these seem to be special cases and not likely to 
become the norm for the 1965-80 or the 1965-2000 periods. 
For these reasons, our high population projections for 1980 
and 2000 are based on a fertility rate higher than the 
Series B rate, but lower than the Series A rate, implying 
an average number of 3,225 children born per 1,000 women 
(table 1). 


The Series D Census Bureau projections were used to 
derive the low projections in this study. Although the 
total fertility rate of 2,450 on which the Series D figures 
were based was not the lowest which this country has ex- 
perienced, the lower rates that occurred between 1931 and 
1941 were abnormally low because of economic factors result- 
ing from the great depression, and are not likely to be 
typical of the future (table 1).2/ 


Table 1. United States Population, 1965 and Projected 
1980 and 2000: 


(in millions) 


1965 
(Actual) 








Source: 1965 data from [7]. 


Projections of Regional Populations 


Regional population projections must take into account 
not only fertility assumptions, but also internal migration 
assumptions. The most recent publications of The Bureau of 


27 Projections presented in the tables in this report are 


By Robert R. Nathan Associates, unless otherwise noted. 
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the Census, Population Estimates [7,9], project four separ- | 
ate series based upon two alternative interstate migration 

assumptions and two fertility assumptions. The migration 

assumptions are: 


I. Migration rates will continue within the ranges 
observed between 1955 and 1965, or 


II. The population movements noted between 1955 and 
1965 will gradually diminish, leading to a projection of no 
net migration among States in 50 years. 


Migration assumption II seems to be the more realis- 
tic of the two, and it was therefore used as a basis for 
projecting regional population in 1980 and 2000. Given the 
historical tendency toward the equalization of economic op- i 
portunities and other social and economic differentials 
among the States, then (apart from the effects of new influ- 
ences in the future that are not predictable) sme long-run | 
equilibrium in net migration can be envisioned.= 


The regional projections issued by the Census Bureau 
extend only to 1985. To arrive at regional projections for 
2000, the trend of each region's population, expressed as a 
percentage of the national population, was traced from 1950 
(actual) through 1985 (as projected by the Census Bureau), 
and the trends thus derived were projected to 2000 (table 2). 

The figures for 1980 were determined by interpolation. } 
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(in thousands) 


Projections of Urban and Rural Populations } 


In addition to the projections of national and re- 
gional populations for 1980 and 2000, projections were also 
made of the distribution of the U.S. population between 
urban and rural areas. For the Nation as a whole, it is pro- 
jected that the proportion of the population which is urban 
will have increased from 69.6 percent in 19604/ to approxi- 
mately 77 percent in 1980, and 82 percent in 2000 (table 3). 
These percentages reflect the expectation that the rural pop- 
ulation, which was 54.1 million in 1960, will change little 
over the projection period (table 4). 


United States Population, by Regions, 1965 and Projected 1980 and 2000 
(Estimated) 


3/7 For detailed explanation of Series II assumptions, see [9]. 
4/ Used as base year because data on the urban/rural popula- 
tion distribution are not available for 1965: 





Table 2. 


295 


348,700 
78,870 
86,640 

109,090 
74,100 


307,800 
69,620 
79,130 
96,300 
62,750 


282,600 
64,000 
72,730 
88,510 
57,360 


246,900 
58,270 
65,130 
77,020 
46,480 


235,200 
55,500 
62,040 
73,370 
44,290 


227,700 
53,730 
60,060 
71,030 
42,880 


q” ly 


if 
a) 
Includes Alaska and Hawaii. 


} 


194,592 
47,617 
54,089 
60,106 
32,780 


1965 data from [9]. 
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force participation rates for age and sex groups [14]. Em- 
ployment rates were determined on the basis of probable fu- 
ture national economic policies; 


Labor Force 


For the national medium labor force projection for 
1980, the labor force participation rates projected by the 
BLS were applied to the appropriate age (16 years and over) 
and sex groups. Since these cohorts of the 1980 population 
have already been born and are part of the current popula= 
tion, projections were determined only by the range of pos- 
sible labor force participation rates. 


The range of possible labor force participation rates 
used reflected different assumptions about age of entry into 
and retirement from the labor force. The low projection, 
for instance, assumed that greater national affluence will 
result in delayed entry into the labor force as greater num- 
bers of young people seek more education, and that retire- 
ments from the labor force will occur at younger ages. 

Labor force projections for 2000 were based on BLS labor 
force participation rates extrapolated from 1980 and the 
projections of population for 2000 (table 5) 


Employment 


For national employment projections, employment was 
assumed to be 96 percent of the labor force for the medium 
projection, and 95.5 percent and 97 percent, respectively, 
for the low and high projections in both 1980 and 2000 
(table 5). These projections reflect an assumption that 
there will be sufficient demand for the greatly increased 
amount of goods and services that such volumes of employment 
would produce. 


Our assumption that an adequate expansion in demand 
will occur appears justified. It is, in effect, an implicit 
assumption that wise economic Management can regulate the 
national level of demand so as to make use of available sup- 
plies. To the extent that private demand is inadequate, 
governmental measures to take up’ the slack can be expected. 
The Government will have strong incentives to take such 
measures, since large-scale unemployment will be ‘politically 
untenable as well as unnecessary, ‘given the available eco- 
nomic tools. 
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Table 5. National Labor Force and Employment 
(Including Armed Forces), 1965 and 
Projected 1980 and 2000 


1965 


Item 





Population 16 years 
and over (millions) 


-- 166.6 206.1 
LOW... 22. 6194 = © Sivie ie 
Medium...... ccm sree as 131.2 166.6 216.5 
HEgGA Ge. ose ee astes's == 166.6 232.0 
Labor force partici- 
pation rate (percent 
of population 16 and 
over) 
LOWS on iciein is isions = crei= == 56.1 yee 
MEGS Uieisyeo\sis.s.s'siste.e 58.8 . 60.5 62.3 
jibe) terse easiest satel a 60.9 63.1 
Labor Force (millions) 
LOW atetetetatsys isterors Fisleee —— 93.4 113.6 
Medium eis cisticewss « 77.2 100.7 134.9 
Haighieietetets stole oie 5 Sacco co 101.4 146.5 
Employment (millions) 
TOW 5 oie etn eter ec retere el, ote = 89.2 108.5 
MECRUIN eae aicts ele ieie ls eis 73.8 96.7 129.5 
Vv  Bighseeeet Se : ao 98.4 142.1 
Annual growth rate in 
employment from 1966 
level (percent) 
LOW) exe's, sielOievc. siwietevetels -- 1.15 1.06 
Wiki hig metoonn a cloda -- 1.73 tog 
Halcphisiore ve ereiorerevetenet tate -- 1.87 1.86 


Source: 1965 data from [ll]. 
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One of the areas in which human knowledge has made 
the greatest strides in recent decades is the field of na- 
tional economic management. Further progress in this field 
between now and 2000 can be expected. In the early thirties, 
little was known of macroeconomic processes and how to in- 
fluence and control them. Since that time, there has occur- 
red not only the expansion of technical economic knowledge, 
but a most impressive expansion of the degree to which such 
knowledge is understood and acted upon by the Government and 
the public at large. The manner in which growth and stabil- 
ity at high levels have been generally maintained since 1961 
is a demonstration of this understanding. 


One prediction that can be made with an especially 
high degree of confidence is that, in respect to the advan- 
ces of knowledge that have already occurred, their applica- 
tion to the practical management of economic processes will 
become increasingly effective in the coming decades. 


With this progress in macroeconomic management, it 
has become clear that an important factor still remaining, 
which could limit economic growth and the degree to which 
full employment can be attained, is the extent to which in- 
dividual Americans lack working skills. Many people are not 
equipped to fill jobs and participate in a full-employment 
economy, but in the last few years, this problem and the 
need for public action to deal with it have been increasingly 
recognized. Public education and training programs have been 
initiated, and it seems certain that an expansion of such 
training activities will occur. As a result of progress in 
equipping more Americans to participate in the general labor 
market, it will be possible to achieve lower levels of unem- 
ployment in the future. Hence, it is considered likely that 
the projected low levels of unemployment will be attained and 
Maintained. 


Undoubtedly, fluctuations in employment will still oc- 
cur from year to year, but the relatively high levels of em- 
ployment assumed above seem reasonable and may be expected 
to serve as trend values around which the year-to-year fluc- 
tuations will take place. Thus, it is anticipated that high, 
medium, and low levels of employment will be determined main- 
ly by population size and labor participation rates, rather 
than by fluctuations in the demand for labor. The medium un- 
employment rate for both 1980 and 2000 is projected at 4.0 
percent, the low rate is 3.0 percent, and the high rate is 
4.5 percent. 
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Although it does not appear likely that the high un- 
employment rate will exceed the rate projected, to determine 
the effects of a higher rate, additional calculations were 
made on the assumption that unemployment might average as 
high as 5.0 percent. The annual rates of growth in employ- 
ment from the 1966 level, based on this assumption, would be 
changed from 1.15 to 1.11 percent for the period to 1980, 
and from 1.06 to 1.04 percent between 1980 and 2000. The 
full effects of this alternative high unemployment projection 
on gross national product (GNP) are included in the general 
discussion of GNP. 


Regional Projections 


Regional labor force projections are based on the pop- 
ulation projections and the 1980 regional labor force partic- 
ipation rates projected for States by the Bureau of Labor 
Statistics [13], as shown in table 6. The differential be- 
tween the average participation rate for each region and the 
U.S. average was calculated for 1980 (regional rates as per- 
centages of national rates). These regional differentials 
were applied to the high, medium, and low projections of the 
national labor force participation rate to arrive at high, 
medium, and low regional participation rates for 1980. 


In projecting the regional labor force for 2000, the 
trend of each regional participation rate as a percentage of 
the national participation rate was extrapolated from 1980 
to 2000. The portion of the regional populations of working 
age (16 years and over) was also projected, using the nation- 
al ratios of population of working age to total population. 
These ratios were then applied to the projected regional 
total populations. The regional participation rates, deter- 
mined from the national rates, were, in turn, applied to the 
regional populations of working age. 


Regional employment for 1980 was projected on the 
basis of historical employment-to-unemployment ratios in 
each region (table 7). These ratios were compared with na- 
tional ratios for 1950 and 1960. The trends in the ratios, 
indicating a tendency toward narrowing regional differentials, 
were then projected to 1980. Projections of unemployment in 
each region were made by applying the projected unemployment 
rates to the projected regional labor force (table 8). 


For the year 2000, national average unemployment rates 
were assumed for each region (table 7). We think that this 
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Regional Employment, 1960 and Projected 1980 and 2000 


Table 8. 


(in thousands) 








Medium. 








Low 





Low& 


(Actual) 













United States..... 


128,720 141,180 


108,030 


98,390 
23,480 
26,310 
29,970 
18,630 


96,740 
23,100 
25,850 
29,450 
18,340 


89,230 
21,360 
23,900 
27,230 
16,740 


30,700 
37,320 
44,370 
28,790 
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assumption is justified, given the national emphasis on the 
problem of regional economic differentials. It can be an- 
ticipated that many of the problems which contribute to re- 
gional differentials in jobs and income will be solved byaae 
2000. National policies and programs will be designed to 
prevent any region from having regional unemployment rates 
unduly in excess of national average unemployment rates. 


Productivity 


The national projections of productivity are express- 
ed in terms of gross national product (GNP), in 1958 dollars 
per employed person. Various past trends and other influ- 
ences that affect the future rate of growth in productivity 
were studied, and other projections were examined, particu- 
larly the studies of the National Planning Association [3]. 
In addition, such factors as technological change, trends in 
the length of the workweek, and changes in the relative im- 
portance of the various industrial sectors were considered. 


The NPA study projected a rate of increase of 2.6 per- 

cent per year in output per employed person. Using 1948-65 
as the period of comparison, the NPA study considered fac- 
tors that could cause future rates of growth to differ from 
the 1948-65 rate. This study concluded that the factors of 
increase and decrease will approximately counterbalance each 
other, and that the 2.6-percent rate is applicable for both 
periods, 1965 to 1980 and 1965 to 2000. _... 


Upon consideration of the most important factors af- 
fecting future productivity, we concluded that the NPA pro- 
jections are reasonable. The resulting medium projections of 
GNP per employed person are $12,300 for 1980 and $20,400 for 
2000. For the high and low projections, annual productivity 
increases of 2.8 and 2.25 percent, respectively, were assum- 
ed (table 9). 


Gross National Product 


Projections of GNP are based on projected rates of 
growth in output per employed person and in total employment. 
Medium projections of the rate of growth of GNP for both 1980 
and 2000 are based on the medium projections of both the rate 
of growth of GNP (in 1958 constant dollars) per employed per- 
son and the rate of growth in the number employed. 
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Table 9. Gross National Product per Employed Person, 
1965 and Projected 1980.and 2000 


(in 1958 dollars) 












Average annual 
increase, 1965- 
2000 
(percent) 


Level 2000 


raieie intents alee 11,700 18,200 





2.6 8,360 12,300 20,400 


Sey 5) a 12,700 22,000 


In arriving at high and low projections for GNP, the 
process was slightly more complicated. For example, for the 
low projection, the GNP might be below the medium projection 
either because of low labor force and employment or because 
of a low rate of growth in output per employed person. How- 
ever, if the increase in number of persons employed is low, 

i.e., less than indicated by the medium population and em- 
ployment projections, this could be expected to lead to a 
higher level of investment per employed person, given the as- 
sumption that employment will be determined by population 
size and labor force participation rates rather than by fluc- 
tuations in the demand for labor. It does not seem likely, 
therefore, that low employment would be accompanied by a low 
level of productivity per employed person. 


Two possibilities were considered in making the low 
projections: (1) There might be low employment, in which 
case productivity per person at least at the medium level 
could be expected; and (2) productivity might be low, with 
employment at least at the medium level. Since either situ- 
ation is possible and plausible, calculations were made using 
both assumptions; the lower of the calculations was taken 
as the low projection for GNP (table 10). 


For the high GNP projections, calculations were also 
based on two possibilities: (1) There might be high em- 
ployment, in which case productivity per employed person 
would not be higher than the medium projection, and (2) pro- 
ductivity might be high, with employment not higher than the 
medium employment projection. The higher of these calcula- 
tions was used as the high projection for GNP (table 10). 
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Table 10. U.S. Gross National Product Growth Rates and 
Values, 1965 and Projected 1980 and 2000 


1965 





Rates of growth in cnp2/ 
(eareents 


TOW aiatulctalcieteteiets i cuales iohets 3.8 = Ted) 
MSGI UIs So Zio se sp 2it sie, 4.4 4.2 
HUN se eS Se eee see ee 4.6 4.5 
GNP (billions of 1958 
dollars) 
TOW cee cretere Bhointatotats fe tarere 1,079 2,200 
MCG UM sieve piace ates! >) ela Sievers 617 1,176 2,603 
High} fey.s. Goes roe 1,211 2,878 


a/ Compound annual rate from 1965. 


An additional calculation of GNP was made based on an 
assumption that the rate of unemployment might average as 
high as 5 percent, instead of the 4.5 percent assumed as the 
high rate in this study. For the year 2000, the change in 
the average annual rate of increase in GNP resulting from the 
higher rate of unemployment would be a few one-hundredths of 
1 percent; rounded to tenths, the low annual rate of 3.7 per- 
cent would be unchanged. For 1980, the low annual rate of 
3.8 percent would be reduced to 3.74, rounded to 3.7. The 
projected low GNP figure of $1,079 billion for 1980 would be 
reduced by approximately $10 billion. 


Components of GNP 


Estimates were made of GNP components, including per- 
sonal consumption expenditures, gross private domestic in- 
vestment, government purchases of goods and services, ex- 
ports and imports, and net exports. Projections were also 
made for personal disposable income (table 11). 


For 1980, the ratios of the components to GNP as pro- 
jected to 1977 by NPA were used as a basis for the projec- 
tions [3]. The medium 1980 projections of the components 
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Gross National Product Components and Personal 


Disposable Income, 1965 and Projected 1980 and 2000 


Table 11. 

































! @ Ve) ° oman a) | 
a ™~ ve) Nd wo «4 ~ 
: se ~ a oOo N A toa) 
ies = 4 were determined by multiplying the projected medium GNP fig- 
' | ure by the ratios of the respective components to GNP. Simi- 
H larly, the high and low 1980 projections of the components 
es a e eee = were based on the projected high and low GNP figures 
1 © to) ~ nd 4 ~S | (table 11). 
nN q Be 
i In extrapolating these projections to the year 2000, 
ore ~ 4 OO Nr co the ratios of personal consumption expenditures and govern- 
a rh me eek Ee ord ment expenditures to GNP were adjusted to reflect the pros- 
s = = J pect of increased government financing of services (table 11). 
é 
Personal Disposable Income Per Capita 
Yo) Mites! a fon) eh > toe) 
2 Sy ~ et N © 
ra! In projecting personal disposable income per capita, 
lo) there were several ways in which the three distinct popula- 
4 tion projections could be combined with the three projections 
pa a o oe © 2 © oO of personal disposable income (PDY). Given the definition of 
ml a ~ a a % vd the medium projections, the medium projections of PDY per 
ey | capita for 1980 and 2000 are, of course, the medium total PDY 
‘ : divided by the medium population (table 12). 
fon) fey} zs ~m @ @ 
an oO 
or = iS Se S Table 12. National Personal Disposable Income Per Capita, 
1 a 1965 and Projected 1980 and 2000 
1 ne 
H } (1958 dollars) 
1 
t : 
AP aise a aw So eee NS AO oat Personal Population Personal 
ier feay amm | 5 sees) . 
[ © roa) ed a4 = disposable divisor disposable 
Year and level income income 
S erie tein “3 (billion) (million) (per capita) 
Ce | oO a ~ wo ao 
z sa ie Xe io 1965: (actual)..... 
N 
oa 4 no ° = 1980s Lows os ps sen: 
ae - in iS koutou “ E Medium....... 
: » om 9 HGH ec sts\no. 
a) 3 u 
o oo “e e Z000R er GOw secrete oe 
Mg g 4 ‘© cs Ste “me, Medium....... 
af) + wn aon 4 Coa) ce) High. sa6 ce 
18} a wo a a ~ 
«< © Ya) 
ne 8 tt ai = OR: & Ree 1 o} - o 
‘Al a p Se MEO okiN ts cs er ery: ane ee be i}. pa Source: 1965 data from [12]. 
YI MTWEOVI +s AGDOYV- tan 0 wm anda ° 
C1 £3 an ‘A @ e £ V9Qdq py YY eA ° 
S|} Onedd novow PONTP H HY lola * 
MEOCH nYHM>E VEGBOH OC OBO glole ® 
Oo HOn OS Csase B2592 & Bz a O|Q410 a) 
on} evoOvVAD HdE| Qr0bn 0} 0]0 4 
O} a, oO a oH MES 3 | 
4 OFoled Ce) 
oO A, Yn 
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As a means of projecting the high and the low per 
capita for 1980, the high PDY was divided by the low popula- 
tion projection, and the low PDY was divided by the high pop- 
ulation projection. This seemed appropriate because the num- 
ber of people of working age in 1980, a determinant of PDY, 
is already determined by the age distribution of the present 
population and will not be affected by population changes re- 
sulting from births in the future. 


For 2000, however, such an approach would not be ap- 
propriate because, using high income per capita as an ex- 
ample, high PDY could not be achieved if the population and 
labor force were at their low levels. The highest plausible 
value of PDY per capita is the high PDY divided by the medium 
population (since dividing by the high population would give 
a lower PDY per capita). Similarly, the high population pro- 
jection is not considered to be consistent with the low PDY 
projections. The lowest probable value of PDY per capita is 
the low projection of PDY divided by the medium projection of 
population (table 12). 


Industrial Production 


As a measure of industrial production in 1980 and 
2000, the Federal Reserve Board (FRB) index of industrial 
production [l, 2] was projected as well as some of the prin- 
cipal components of the index. In making these projections, 
use was made of the GNP projections and projected relation- 
ships between the levels of industrial production and GNP. 
A series of ratios, or coefficients, between the index and 
related variables was calculated for each of the FBR indexes 
(both the overall index and each component). The related 
variables selected for this purpose were GNP and its compo- 
nents. 


For each series of coefficients, the historical 
trends for the period 1956-65 were studied, ©/ and appropri- 
ate values for the coefficients were projected for 1980 and 
2000. The projected values of each FRB component index were 
obtained by multiplying (1) the relevant figures by related 
variables, as projected for 1980 and 2000, by (2) the pro- 
jected ratios of the industrial production index to related 
variables (table 13). 


6/7 Data for the years 1948-55 were also studied. Because of 
postwar dislocations, the ratios in those years showed such 
erratic fluctuations that they were not used in the projections. 


=18 = 











Federal Reserve Board Indexes of Industrial Produc- 


Table 13. 


tion, 1965 and Projected 1980 and 2000 


100) 


(1957-59 






Industrial 


production 






1965 


index 


Potal index<s....< 








Materials...... 


Consumer goods. 
Equipment...... 
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308 Si7 511 605 669 


282 





WOtCaL PRA ares « ers 





662 
677 
644 
398 
Ly 395 


599 
612 
582 
360 
17261 


306 506 
318 527 
290 492 
168 305 
432 1066 


297 
309 
282 
163 
420 


273 
284 
258 
149 
385 











Durable...... 
Nondurable... 
MiNi NG. ste ess.¢ os 


Manufacturing.. 
CELLET 00.6 os 





1965 data from [l, 2, 3]. 


Source: 


Of particular importance in projecting the indexes are 
the possible shifts in the relative sizes of the various eco- 
nomic sectors over the projection period, including an antici- 
pated growth in the service sectors relative to. consumer goods 
production. 


Gross Product Originating 


Projections to 1980 and 2000 were made for the Gross 
Product Originating (GPO) in each region. Gross Product 
Originating is computed by considering the value added to the 
product of each of the sectors of the economy at each stage 
of processing. Conceptually, the sum of regional GPO figures 
is equal to GNP; however, because of data problems, slight 
variations between GPO and GNP do exist. National and re- 
gional projections were also made in each of three Main in- 
dustrial sectors: agriculture, manufacturing, and all other 
sectors aggregated (tables 14-18). 


Table 14. Gross Product Originating in Industrial Sectors 
as Percentage of Gross National Product, 
1965 and Projected 1980 and 2000 


1965 
(Estimated) 





Percent 
Agriculture......... Agno 6 4.0 2.6 1.6 
Manufacturing........... 29.9 32.8 29.9 
All other....... aed 66.1 64.6 68.5 





Source: 1965 data from [3]. 


In drawing up the projections by industrial sectors, 
GPO projections to 1977 by the National Planning Association 
{3] were extrapolated to 1980. In continuing the projections 
to 2000, prospective changes in the relative importance of 
agriculture and manufacturing and the prospective growth of 
governmental and other services between 1980 and 2000 were 
taken into account. 
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Within each of the industrial sectors, the distribu- 
tion of the national GPO among States and regions was also 
projected, taking into account the historical trends and the 
NPA projections. The projected total GPO for each region is 
the sum of the projected sector figures for that region. 


Regional Personal Income 


To project regional personal income, national totals 
were derived from the projections of GNP and from the rela- 
tionship between personal income and GNP projected by the 
National Planning Association [4]. The available NPA projec- 
tions (to 1975) of the relation between each State's per 
capita income and that of the Nation was then considered 
(table 19). Projections for 1980 and 2000 were based on the 
figures for 1975 and on the indicated trends, taking into 
account the long-term trend toward equalization of the dif- 
fering regional levels of per capita income. 


aed 
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Table 15. 







Region 


United States. .|-484, 
Northeast.....| 137, 
North Central.| 143, 
Souths». scene Eh2 Us 
West: 3 81, 

Montana. ..... LG 
TdGanho. «i, wea 1 
Wyoming. ...--. 

Coloradoa...-. 4, 
New Mexico... 2. 
AL LZONS) pikene ls 3; 
Utan ceecccae Pa 
Nevada ...... 

Washington.. 7, 
Oregon ...... 4 
California... 48, 





National and Regional Gross Product Originating, 
1960 and Projected 1980 and 2000 


482 


851 
660 
819 
E52 


640 


1469 


955 
782 
PET! 
248 
236 
947 
656 


686 


900 


(in millions of 1958 dollars) 


273,510 
304,000 
291,030 
210,450 


3,390 
3,100 
1,570 
12,550 
5,380 
10,730 
5,740 
3,660 
17,540 
9,550 
131,350 


2/ Includes Alaska and Hawaii. 
Source: 1960 Data*from [4]. 


Table 16. 


298,220 
331,470 
317,560 
229,250 


3,700 
3,390 
1,730 
13,680 
5,870 
11,720 
6,250 
3,980 
18,570 
10,410 
143,210 


306,890 
341,110 
326,780 
235,920 


3,810 
3,500 
1,770 
14,080 
6,030 
12,050 
6,440 
4,100 
19,110 
10,720 
147,380 


518,200 
596,510 
620,790 
464,040 


6,970 
6,260 
3,210 
28,210 
12,120 
25,970 
13,290 
9,280 
34,330 
17,280 
291,110 


in Agriculture, 1960 and Projected 1980 and 2000 


Region 


united States?’... 


1960 


23,334 

Northeast....... 1,966 
North Central... 8,231 
-South yerseraces 8,687 
West :— 4,450 
Montana ....... 238 
DAANO steve oo soe 6 235 
Wyoming....... 94 
Colorado...... 288 
New Mexico.... 158 
ALY PSONA... 2 0- 265 
BAN 5 tierce sc 90 
‘(Nevada......-. 28 
Washington.... 429 
Oregon......«- 298 
California.... 2,181 


(in million 1958 dollars) 







1980 
ee 


a/ Includes Alaska -and Hawaii. 


Source: 1960 data from 


[4]. 


30,600 


2,110 
11,540 
11,420 

5,530 


270 
340 
90 
340 
160 
280 
150 
30 
610 
490 
2,630 


31,480 


2,170 
11,870 
11,740 

5,700 


280 
350 
90 
350 
160 
280 
160 
30 
630 
500 
2,700 


35,190 


2,150 
13;,690 
13,130 

6,220 


280 
420 
70 
350 
160 
280 
210 
40 
740 
630 
2,890 


613,180 
705,840 
734,560 
594,120 


8,240 
7,410 
3,810 
33,390 
14,330 
30,740 
15,730 
10,970 
40,620 
20,460 
344,460 


1,078,990 1,176,500 1,210,700 2,199,540 2,602,700 2,878,390 


678,130 
780,600 
812,380 
607,280 


9,120 
8,190 
4,200 
36,930 
‘15,840 
33,990 
17,400 
12,140 
44,320 
22,620 
380,950 





National and Regional Gross Product Originating 


41,600 


2,540 
16,180 
15,520 

7,360 


330 
500 
80 
420 
180 
330 
“250 
40 
870 
750 
3,410 







46,050 


2,810 
17,910 
17,180 

8,150 


370 
550 
90 
460 
190 
370 
280 
50 
970 
830 
3,780 


my 
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Table 17. National and Regional Gross Product Originating 
in Manufacturing, 1960 and Projected 1980 and 2000 


(in million 1958 dollars) 







1960 
(Actual) 


2000 












Region 

















Medium High 





United States?’.., 138,583 353,910 385,900 397,030 657,710 778,200 860,540 
Northeast....... 45,927 96,260 105,350 108,410 160,470 189,880 210,000 
North Central... 48,188 112,190 122,330 125,890 198,610 235,020 259,910 
South, orehetdhe: 6 ata 26,766 82,810 90,300 92,920 167,700 198,440 219,460 
Wes te =) \. settles ote 17,702 62,290 67,920 69,810 130,930 154,860 L/L, 270 

Montana...... 169 350 390 400 660 780 860 
idaho. 3. = he 236 700 770 800 1,320 1,560 1,720 
WyOming- tt. . ste 67 100 120 120 130 160 170 
Colorado... ... 734 2,480 2,700 2,780 5,260 6,230 6,890 
New Mexico.... LST 350 390 400 660 780 860 
Ari Zonavicne s ae . 406 2,120 2,320 2,380 4,600 5,450 6,020 
Eales. exclbae es suc 388 1,420 1,540 1,590 3,290 3,890 4,300 
NeEVdd asic. => 44 140 150 160 200 230 260 
Washington.... 1,930 6,020 6,560 6,750 12,500 14,790 16,350 
OLEGON aeicie ons 1,205 2,830 3,080 3,180 4,600 5,450 6,020 
California.... 12,169 44,600 48,620 50,040 95,360 112,840 124,790 


a/ Includes Alaska and Hawaii. 


Source: 1960 data from [4]. 








Table 18. National and Regional Gross Product Originating in All Sectors 
Other Than Manufacturing and Agriculture, 1960 and Projected 1980 and 2000 


(in million 1958 dollars) 


1960 1980 





United States?’... 322,565 697,030 760,000 782,110 1,506,700 1,782,900 1,971,700 
Noreheast «2. = miste = 89,958 174,950 190,760 196,310 355,580 420,760 465,320 
North Central.... 87,241 181,230 197,600 203,350 384,210 454,640 502,780 
Soar sy ajc siwtaieratials = 86,366 197,760 215,840 222,120 439,960 520,600 575,740 
EGY SEE OS ec . 59,000 143,090 155,800 160,330 326,950 386,900 427,860 

Montana J. «ses 1,233 2,790 3,040 3,130 6,030 7,130 7,890 
TAANG aie sionalcpe store 998 2,090 2,280 2,350 4,520 5,350 5,920 
Wyoming....... . 794 1,390 1,520 1,560 3,010 3,570 3,940 
Colorado: .- ss 3,760 9,760 10,640 10,950 22,600 26,740 29,580 
New Mexico..... eo 22 4,880 5,320 5,470 11,300 13,370 14,790 
AEEZONA steers sists : Pe 8,360 9,120 9,390 21,090 24,960 27,600 
UG ahs stevens! etetee''s 1,758 4,180 4,560 4,690 9,790 11,590 12,820 
NeVaGaeieis sa late 875 3,490 3,800 3,910 9,040 10,700 11,830 
Washington..... 5,297 10,960 11,400 11,730 21,090 24,960 27,000 
OL EGON ciate|< isle « 372583 6,270 6,840 7,040 12,050 14,260 15,770 
California.<s'.2 34,550 84,340 91,960 94,640 192,860 228,210 252,380 





a/ Includes Alaska and Hawaii. 


Source: 1960 data from [4]. 


National, Regional and State Personal Income, 1965 


Table 19. 


and Projected 1980 and 2000 


(in million 1958 dollars) 


~~ 
3) 


(Estimated) 
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Federal Reserve System, Board of Governors. 
Production Indexes: 
Federal Reserve Board, no date. 


Indexes of Industrial Production: 
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CHAPTER III 
AGRICULTURAL COMMODITIES AND FORAGES 


Projections of the consumption levels for major grain 
commodities, cotton lint and wool, forages, and selected 
meats are presented in this chapter. Three levels of domes- 
tic consumption and export requirements in 1980 and 2000 
(high, low, and medium) are given for wheat used as food; 
corn and all other grains grown principally for feeding pur- 
poses; soybeans; beef, veal, lamb, and mutton; and cotton 
fiber and wool. Because the factors which influence export 
levels for many of these agricultural crops are independent 
of the determinants of domestic consumption, separate esti- 
mates have been made for domestic and foreign trade prospects. 
This chapter also contains projections of the levels of for- 
age consumption in 1980 and 2000, expressed in terms of both. 
pasture requirements and the direct consumption of roughage 
harvested mechanically and fed to domestic animals. 


“J 


Multiple regression equations were developed to ex- 
plain annual variations in domestic consumption of most com- 
modities, or the combined disappearance of several grains 
Classified by similar end-uses, during the period 1948-65. 

The step-wise multiple regression program selected for this 
work allowed the selection of the "best" equations from a 
wide variety of solutions. The more suitable equation pro- 
vided guidelines for most projections of domestic consumption. 


Major determinants of the quantity of agricultural pro- 
ducts exported from the United States are not specifically 
covered by the economic indicators and demographic projections 
included in Chapter II, nor are the other determinants of do- 
mestic consumption which were developed specifically for these 
commodities appropriate for projecting export levels. The 
specific low, medium, and high projections of exports of food, 
feed, and fiber rely heavily on judgments of probable U.S. 
foreign trade and food aid policies, policy developments of 
importing countries, different prospects for import demands 
in primary commercial markets, and, finally, the quantities 
of exports under concessional terms which probably will be 
made available for and be acceptable to free world developing 
countries. 
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Grains and Soybeans 


i In making the projections of the domestic use of 
grains, it was recognized that any major cereal crop has sev- 
eral distinct, important alternate uses. The traditional 
classifications of most grains as either bread or feed grains 
has become misleading. Several examples of dramatic changes 
in the domestic demand structure for cereal crops during the 
past 20 years illustrate this point. Currently, the food 
and industrial uses of corn and other "feed" grains are more 
than 65 percent of the quantity of wheat used for food. More- 
over, while the total demand for wheat flour and breakfast 
foods has leveled off, the consumption of other grains for 
certain types of food has grown at annual rates up to 8 per- 
cent in recent years. On the other hand, since 1964, signifi- 
cantly larger quantities of wheat have been fed to livestock 
and poultry. Several kinds of wheat should continue to be 
used as feed grains as long as this grain remains competitive- 
ly priced with corn and other feed grains in many parts of 
this country. In fact, if current yield and price trends of 
several crops are assumed to continue, then it is reasonably 
certain that wheat will become more important to the feed- 
livestock economy than either barley or grain sorghum. 


: The factors which readily explain and presumably deter- 
mine the amount of a given grain consumed by eae end ee may 
have little influence in explaining the quantity of the same 
commodity used for a different purpose. For example, the rea- 
sons why the rapidly growing corn refining industry has ab- 
sorbed progressively larger amounts of that grain during most 
years since 1952 should not be expected to explain why less 


corm is used today by brewers and distil 
18 years ago. illers than was needed 


: In order to prepare realistic projections of the d - 
tic consumption of wheat, corn, and othe grains, except rice 
and rye consumed as flour, precise but simple explanations of 
the historic use of the several competing grains by principal 
end use were prepared. To take full advantage of the time 
series data available for both consumption and suitable explan- 
atory factors, closely related end uses were aggregated. 


Ween Used as Food 


The total quantity of wheat consumed i i 
: w a as food in this 
country has remained remarkably constant for several decades; 


-60- 


U.S. consumers and the military abroad currently use approxi- 
mately 510 million bushels annually, compared with the con- 
sumption of 490 million bushels of wheat in flour and other 
wheat products 20 years ago. In terms of per capita consump- 
tion, wheat used as food declined from 198 pounds per year in 
1948-50 to 159 pounds in 1963-65, representing a compound an- 
nual rate of decline of 1 percent. The rate of decline has 
diminished since 1960, however, and there is evidence that 
per capita use may have reached a minimum in 1968. 


The rise in per capita disposable income explains 97 
percent of the annual variation in wheat consumption per per- 
son during the 18-year period, 1948-65. On the average, an 
increase of $100 in personal income after taxes was associat- 
ed with a decrease of about 7.2 pounds of wheat. During the 
last 20 years, consumers clearly demonstrated their preference 
for other foods. In another regression equation which did 
not include income as a factor, time (as a measure of change 
in taste) and wheat prices together also explained nearly all 
(99 percent) of the annual variation in consumption during 
the same period. Although price was the least important fac- 
tor, some consumer resistance was apparent. 


Projections of Wheat Consumed as Food 


Total wheat made into flour and breakfast cereal for 
domestic use is projected to increase very slightly during 
the last quarter of this century. By 1980, the most likely 
estimate suggests an annual consumption of 541 million bushels, 
only 5 percent above 1965 levels (table 20). In 2000, under 
similar stipulations, use is expected to be only another 8 
percent higher. The high projection would be significantly 
larger if any of several possible changes in the market struc- 
ture for wheat products were stipulated. If wheat prices to 
the flour miller were reduced and kept at sharply lower 
levels (instead of the high figures we believe more likely), 
the milling industry could then offer bakeries and food manu- 
facturers a wider range of flour products, or at least could 
price these products more competitively compared with flours 
from other cereal crops. The development of a major new 
flour product, another food use for wheat, or perhaps merely 
a radical shift in "product mixes" (resulting from the aggres- 
sive promotion of certain "minor" products) obviously would 
result in a modification of the estimates, all of which are 
based on gradual further declines in per capita consumption. 


S6l= 
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1980 and 2000 


Wheat and Other Grains, U.S. Consum 
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Total corn and other 


21.3 Paes 02, 
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4 2 15.4 16.7 


11.4 


feed grains. 6 ac.ose.cs eee. oe 


38.8 44.8 


3255 


29°55 31.6 34.3 


26.6 


Total valle grains Ho... Meee a. 


seed use. 
Includes use by military at home and abroad. 


a/ No allowance for 


k and 


Does not include wheat fed to livestoc 
at products exported. 


In 1965 


b/ 


, these grains constituted 0.103 tons, 


products manufactured in the United States and 
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try or wheat equivalent of flour and othe 
then exported. 
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or 8.5 percent of all 
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1965 data from [2-. 8, 9. 


Source 


Industrial Uses of Grain 


Corn and other grains are used to manufacture -.a wide 
variety of foods, alcoholic beverages, and industrial pro- 
ducts. Collectively, these industries constitute a tremen- 
dous market for agricultural raw materials. Each industry 
has exhibited distinctly different growth patterns during 
the past 20 years. 


“The corn refining industry has become the single larg- 
est user of grains which are not fed to livestock or ground 
into wheat flour. This industry uses a wet milling process 
to manufacture starch, syrup, sugar, corn oil, and high- 
protein animal feeds which are produced as by-products. 
Grindings of corn increased from a yearly average of 119.2 
million bushels in 1948-50 to 194.6 bushels in 1963-65. Since 
1961, growth has been at an annual compound rate of 6.9 per- 
cent. A major new market was developed with margarine manu- 
facturers when corn oil replaced part of the cottonseed oil 
previously used. Regression analyses indicate that practical- 
ly all (99 percent) of the annual .variations in corn consump- 
tion by the wet millers between 1948 and 1965 are explained 
by different combinations of three factors. Of prime impor- 
tance was the FRB index for food manufacturing. Since 1962, 
an increase of 1 point in.this index was associated with an 
increase of 1.4 million bushels of corn used by corn refiners. 


The price of corn oil was also a significant indicator 
of corn use by industry. At average prices, an increase in 
corn oil price of 1 cent per pound was associated with a de- 
crease in wet mill grindings the following year of approxi- 
mately 1.8 million bushels. 


Other food manufacturers using dry milling procedures 
to produce cornmeal, breakfast foods made of corn and oats, 
various other corn products, and barley malt for food manu- 
facturers, collectively take much less grain today than does 
the corn refining industry. In fact, per capita consumption 
of these food products has declined from a 1948-50 average of 
18 pounds to a 1963-65 equivalent of 12.7 pounds. The net de- 
crease in per capita use is explained entirely by the sharp 
decline in the demand for cornmeal, which is a logical res- 
ponse to both the declining rural population and rising per- 
sonal incomes. On balance, the average consumer increased 
his use of breakfast foods made of corn and oats, which are 
convenience foods. 
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Brewers and other manufacturers of fermented malt 
liquors have increased their use of barley and corn by about 
15 percent during the past 20 years. In terms of per capita 
use (for each person between 21 and 75 years of age), beer 
and ale makers requirements increased at an average of only 
0.5 percent a year between 1948 and 1965. However, since 
1962 grain consumption has increased at an annual compound 
rate of 3.5 percent. By 1963-65, grain taken by this industry 
had increased to over 3.2 million tons, which placed brewers 
as the second most important users of grains. 


Two factors explained as much as 88 percent of the an- 
nual variation in the annual use of these two grains between 
1948 and 1965. The prices of alcoholic beverages and the an- 
nual per capita personal consumption expenditures for alcohol- 
ic beverages were the prime consumption indicators for the 


industry. 


In terms of annual grain consumption, liquor distill- 
ing now ranks at the bottom, slightly below breakfast food 
manufacturers and makers of cornmeal. Purchases of corn and 
rye by distillers actually declined during the last 20 years, 
and whiskey production declined at an average annual rate of 
about 1.6 percent between 1948 and 1964. Taxable withdrawals 
of whiskey from warehouses increased about 60 percent, how- 
ever. 


Most of the grain bought by distillers after World War 
II apparently was used to make whiskey which was stored, 
rather than sold to consumers, during the early fifties. It 
would be extremely difficult to allocate the grains bought 
for whiskey production and other end uses by liquor distillers 
and industrial alcohol producers. It was assumed that taxable 
withdrawals of whiskey over long periods of time would be an 
accurate benchmark for the grain consumed by distillers. 


Projections of the Consumption of Grain for 
een and Industrial Uses 


During 1963-65, slightly over 11 million tons of corn, 
barley, oats, and grain sorghum were used each year to manu- 
facture various food products and alcoholic beverages. This 
quantity corresponded to about 9 percent of all grains fed to 
livestock annually during the same period. Grain products 
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manufactured “ake: about 0.5 million tons of grain were export- 
ed annually. 


Assuming medium levels of population, industrial out- 
put, and the most probable levels for other important factors, 
the manufacture of consumer products and beverages in 1980 is 
projected to consume 15.4 million tons of grains (table 20). 
Under similar stipulations, makers of grain food products and 
alcoholic beverages will take 21.3 million tons in 2000 
(table 20). Such projections of total prospective demand for 
grain products and alcohol do not indicate probable changes 
in use of corn and other feed grains by each grain-using in- 
dustry. 


The calculations indicate that the corn refining indus- 
try will continue to be the major grain consumer, taking near- 
ly half of the grains2/ sold to make food products and alco- 
holic beverages. Medium projections indicate that these wet- 
process millers will grind approximately 7.3 million tons of 
corn in 1980, and around 9.3 million tons at the end of this 
century (table 20). These consumption projections imply 
average annual growth rates each year of 1.8 percent through 
1980, and 1.3 percent during the 1980's and 1990's, or much 
slower rates of growth than this industry demonstrated during 
the early sixties (6.9 percent). It is expected that the out- 
put of food manufacturers will grow significantly less rapid- 
ly than total nondurable manufacturing during the next 30 
years. Excepting the possibility of a major new market for 
corn oil or other corn products made by the wet milling pro- 
cess, corn requirements for this industry should grow only 
slightly faster than population through 1980, and increase at 
about the same rate as population through the end of this 
century. 


Prospects for grain use by a competing industry, the 
dry milling industry, suggest that grain used to make corn- 
meal and breakfast foods most likely will increase to approxi- 
mately 1.3 million tons of corn, oats, and barley by 1980, 
and then will continue to grow at the slightly higher annual 
compound rate of 1.6 percent through 2000, reaching levels of 
1.8 million tons a year by the end of this century (table 20). 


I7 Since exports of these grain products were insignificant 
compared with domestic consumption of exports of the process- 
ed grains, no additional export projections were made. 

2/ Except wheat, rye used as flour, and rice. 
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Because per capita purchases of cornmeal are expected to con- 
tinue to decline, annual net growth in grain used to manufac- 
ture these food products should be very small during the next 
15 years. 










19802/ 
Percent 
+38.1 
-41.6 
+10.6 
7 
0 


Barley and corn growers should find an expanding mar- 
ket in the brewing industry during the next 30 years. The 
medium estimate is that grain purchased by domestic beer and 
ale makers will increase from a 1963-65 base of 3.2 million 
to 5.26 million tons by 1980, and to 8.5 million tons by 2000. 
These increases in demand reflect a stipulation that personal 
consumption expenditures for alcoholic beverages per person 
will increase substantially, to record levels by 1980... In- 
creases in population and prospects for moderate declines in 
alcoholic beverage prices are of minor importance. 


Compared with 
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Grains used to make whiskey and other distilled spirits 
will reach levels of 1.5 million tons by 1980, according to 
the medium projections. This quantity represents a 35-percent | 
increase above consumption for similar purposes in 1963-65. 

It is in line with projected increases in taxable withdrawals 

of whiskey stocks. It is assumed that grain requirements of } 
distillers will not be materially influenced by large changes 

in inventories, such as occurred during the early fifties. 

By 2000, the liquor distilling industry will take nearly 1.7 

million tons, consistent with the most likely projection 

(table 20). 
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The eating habits of the average American will change 
substantially during the next 30 years, according to the 
medium estimates for per capita consumption of selected agri- 
cultural commodities. However, most changes in prospect are j 
consistent.with current consumer choices, or tastes and pref- 
erences developed during the past 20 years (table 21). In 
general, food products which increased in popularity during 
the 1950's and early 1960's will continue to be preferred 
during the next 30 years by most consumers. Similarly, kinds 
of food which consumers found less acceptable in the past 
usually will continue to be less acceptable by more Americans. ! 
Cumulative changes in the eating habits of the next several 
generations of Americans may indicate large shifts from pres- 
ent diets. 
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Feed Grains 


Corn and most other cereal crops, including wheat and 
rye, substitute at relatively constant efficiencies in most 
animal and poultry rations. Therefore, the total feed con- 
sumed by livestock can be expressed in terms of feed units, 
which weigh actual quantities of a given grain according to 
its feeding value relative to corn. This simplifies the task 
in projecting domestic demand levels for feed grains other 
than corn. The entire annual consumption of all grains fed 
to livestock, including wheat and rye, can be calculated and 
expressed as a single estimate in terms of corn equivalents. 
To corroborate such an estimate, only the consumption of corn 
should be determined separately. Nearly three-fourths of the 
total grain usually fed in this country is corn. 


Total grain fed to domestic animals and poultry in- 
creased from a 1948-50 average of 97.2 million tons, corn 
equivalent, to a 1963-65 average of 122.5 million tons. This 
rise in consumption represents an average increase of 1.6 per- 
cent each year. 


Of prime importance in explaining the annual variation 
in the quantity of all grains fed during 1948-65 was a vari- 
able measuring the joint or combined effects of total personal 
consumption expenditures and a price ratio which measured the 
price levels of all foods relative to prices of livestock pro- 
ducts only. At average values of this factor, an increase of 
approximately $10 billion by persons for goods and services 
was associated with the feeding of an additional 3.3 million 
tons of grain the following year. 


The decline in grain feeding, which resulted from the 
greater substitution of high-protein feeds for part of the 
grain component in more efficient feeding formulas, is clearly 
indicated. For each 1-percent increase in the tonnage of high- 
protein feed supplements consumed compared with the total con- 
centrates and all grains and commercially prepared feeds, an- 
nual grain consumption was lowered nearly 8 million tons. 
Since the portion of high-protein feeds in the total (concen- 
trate) ration increased from 7 percent to over 11 percent dur- 
ing the 18-year period, this factor alone offers ample reason 
for the relatively modest growth of grain feeding. 


During the 1948-65 period, corn fed to livestock in- 
creased from a 1948-50 average of approximately 71.4 million 


-68- 


tons to 88.7 million tons annual average in 1963-65, repre- 
senting an average increase of 1.5 percent per year. Two 
factors alone account for approximately 93 percent of the an- 
nual variation in corn fed during this 18-year period. The 
dominant influence was the animal rate of feeding of high- 
protein feeds to livestock, which increased nearly 25 percent 
from 1956 through 1961, and again in the mid-sixties. This 
particular variable is one way to measure many important 
changes in livestock feeding practices which occurred in the 
past 20 years. Improvements in livestock breeding, feeding, 
and management turned animals and poultry into increasingly 
efficient converters of feeds into meat, milk, and eggs. 


The second most influential factor was the relative 
amount of high-protein feeds in the total (concentrate) ra- 
tion. A decrease of approximately 11.5 million tons of corn 
fed per year was associated with a l-percent increase in the 
proportion of total feed concentrates classified as high- 
protein feeds. Prices of livestock relative to feed grains 
and hay, and prices of corn relative to all feed grains, were 
of comparatively minor importance. 


Regression analysis indicates that the factors discuss- 
ed above collectively explain 97 percent of the quantity of 
corn fed to livestock and poultry each year between 1948 and 
1965. 


Projections of the Domestic Consumption of Feed 


Grains 


Total grains fed to livestock and poultry in 1980 is 
projected at 49 percent above 1963-65 levels (table 22). 
This estimate is consistent with the medium assumptions con- 
cerning total personal consumption expenditures, livestock 
feeding practices, and price relationships in 15 years. _ 
Grains used to produce meat, dairy and poultry products in 
2000 are forecast at 278 million tons, corn equivalent. These 
increases in prospective demands for feed imply average growth 
rates of 2.5 percent during the next 15 years, and 2.2 percent 
each year during the following two decades, compared with ac- 
tual increases in feed grain consumption of 1.6 percent per 
year from 1949-64. However, feed grain consumption is expect- 
ed to grow slightly less rapidly in the future relative to use 
during 1956-64, when consumption of feed grains by livestock 
and poultry increased at an annual compound rate of 3 percent. 
Comparisons of our high and low projections for 1980 and 2000 
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Quantities Fed to 


ry or Processed into Soybean Products in 


Corn Only, and Soybeans: 
the United States, 1965 and Projected 1980 and 2000 


(Million tons, except where noted) 


All Feed Grains, 
Livestock and Poult 


Table 22. 


Cale 


| (table 22) suggest alternate prospective demands for feed 
; grains, congruent with contrasting sets of assumptions. 
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Projections of the Consumption of Soybeans 


Soybeans processed in 1980 may total 792 million 
bushels, compared with a 484 million bushel average during 
1963-65. In 2000, the annual tonnage of soybeans “crushed" 
by domestic oilseed mills should be 120 percent above 1963- 
65 requirements (table 22). The increased consumption in- 
dicated by these medium projections implies annual compound 
growth rates of 3.1 percent and 1.5 percent, respectively, or 
significantly lower rates of expansion than actually attained 
by this industry from 1949-64 (5.7 percent). 


There are two possibilities which are not stipulated 
as occurring within the next 30 years, but which could cause 
the projections of domestic soybean crush to be exceeded. 
The U.S. soybean industry may acquire major new commercial or 
concessional (subsidized) markets abroad for soybean oil in 
countries which do not have oilseed processing plants. Less 
likely, but still possible, soybean products may in time de- 
velop major uses in the creation of high-protein foods market- 
able where animal proteins are too expensive or otherwise un- 
acceptable. Food technologists have developed several high- 
protein foods and the widespread nutritional need for addi- 
tional protein has been demonstrated, but commercial marketing 
of these products in developing countries has not been success~ 
ful [1]. We assume that U.S. soybeans crushed in this country 
will continue to be processed for vegetable oil products and 
livestock feeds. This assumption may be valid only if food 
processors are not provided with major incentives to develop 
the market. 


3/ 


Prospective demands for all feed concentrates consis- 
tent with the medium projections of feed grain and soybean con- 
sumption indicate that approximately 48 percent more feed con- 
centrates will be consumed in 1980 than were used in 1963-65, 
and that equivalent disappearance some 30 years from now prob- 
ably would be more than double recent use (table 23). In- 
creased demand for feed grains other than corn should also 
double within the next 30 years, under our assumption of most 
probable relative prices of corn and all feed grains. Barring 
major yield increases in oats and barley relative to corn, we 
would stipulate that most of this additional grain would be 


3/ Grains and high- and low-protein manufactured feeds, in- 
cluding by-product feeds. ; 
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Table 23. U.S. Feed Concentrate Consumption, by Principal 
Kind of Feed, 1963-65 Average and Estimated 
1980 and 2000 


(Million tons) 


1963-65 
Average 











a 
Type of feed 19802/ 


All grainsS....-.sseeeeeeeeceeeces 122 25 
Corn ONLy.-.eeeereeeceeresececs 
Other five grainS.....-...++e+e- 
By-product feeds (low protein) 2’. 
All high protein feeds....--.---- 
pe eee oP eee homey 
Total concentrates fed......---+- 155.9 230.7 341.0 


ac A a ay ee ew A es A De 2 
a/ Based partly on medium projections of feed grains fed (table 21) 
and soybeans processed by domestic oilseed mills (table 22). Estimated 
quantities of other high protein feeds are adequate to provide balance 
of that class of feeds in the entire ration. - 

b/ Grain protein feeds and other by-product feeds are not classified 
as high-protein feeds. Slight increases in production of grain- 
protein feeds by 2000 are estimated to be offset by reductions in 
output of most other by-products. : 


Source: 1963-65 data from [8]. 
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either grain sorghum or wheat. Provided wheat were priced 
competitively for livestock feeding purposes, as much as 15 
million tons (450 million bushels) might be fed. 


Regarding total requirements for high-protein feeds, 
it should be noted that our projections of domestic soybean 
consumption suggest that soybean meal supplies will repre- 
sent a somewhat smaller part of all high-protein feeds used 
in 2000, compared with 1964 (58 percent and 62 percent, re- 
spectively). These estimates are consistent with several 
plausible developments. More of this leading conventional 
protein feed in cattle rations probably will be replaced by 
the synthetic protein source, urea. Demand for soybean sup- 
plement would also be lessened if plant breeders are success- 
ful in increasing the protein content of feed grains. Ample 
supplies of high-protein supplements which are produced as 
by-products of the meatpacking and other industries may re- 
duce the relative importance of soybeans as a protein source 
in this country, since production in some of these industries 
may increase at slightly higher rates than that projected for 
soybean processing capacity. 


Exports of Grains and Soybeans 


Exports of U.S. grains and soybeans have increased 
much more rapidly during the last 20 years than has domestic 
consumption of these commodities. Moreover, since 1954, when 
the original Food for Peace Act, or Agricultural Trade Devel- 
opment and Assistance Act of 1954 (P.L. 480), signaled a 
major shift in agricultural and foreign policies of the United 
United States, exports of wheat and feed grains have grown 
even faster, increasing about 7 percent and 12.5 percent, 
respectively, each year. Soybean shipments abroad rose near- 
ly 13 percent each year, on the average, since 1955. Practi- 
cally all the increase in feed grain sales and soybeans 
shipped has been on commercial contracts. 


While many factors obviously influence the scope of 
world trade in these primary commodities, preliminary find- 
ings based on both time series and cross-sectional (inter- 
country) analysis confirm these conclusions: increases in 
total and commercial imports of U.S. agricultural commodities 
are determined largely by growth of income and population; 
commercial imports increase faster than concessional transac- 
tions after the importing nation's economy starts growing 
significantly faster than its population. 
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Projections of exports of U.S. grains and soybeans in- 
table 24 are consistent with the explicit assumptions concern- 
ing export determinents. Under all assumptions, exports are 
projected to exceed recent levels by large quantities. Wheat 
and soybean exports in 2000 should be larger than domestic 
use. Feed grain exports in 1980 and 2000 are estimated to 
exceed one-third of domestic feed grain requirements, compared 
with about 15 percent in 1963-65 (table 24). 


Forages and Meat 


Livestock grazing pastures and rangeland, and scaveng- 
ing fields from which crops have already been harvested, con- 
tribute an immense quantity of feed. In fact, this grazing 
probably provides one-third of the entire feed nutrients con- 
sumed by all livestock. Obviously, for certain classes of 
livestock, adequate pasture is essential. Be Yas cattle usually 
consume more than one-half of such roughage , 4 and thereby - 
gather each year over 60 percent of all the feed that is con- 
verted to beef. Dairy cattle obtain one-third of their feed 
nutrients and eat about one-fourth of the national pasture 
crop. Sheep consume about 10 percent of the total feed de- 
rived annually from grazing, and convert this roughage into 
over 80 percent of the total feed required to produce the an- 
nual supply of lamb, mutton, and wool.2/ 


Forages which are harvested mechanically, mainly hay 
and silage, are consumed almost entirely by dairy cattle 


47 Forage and roughage are used interchangeably in this sec- 
tion of the report, defined as all animal feeds other than 
feed concentrates. (Feed concentrates include all grains, by- 
product feeds, seeds, and noncommercial milk products.) Feed 
units derived from "pasture" include significant quantities 

of nutrients obtained by animals grazing meadows, harvested 
fields of field crops, etc. Harvested roughage includes hay 
silage and beet pulp, stover, and straw. Since forage consump- 
tion is measured in terms of feed units rather than actual 
weights, qualitative as well as quantitative aspects of rough- 
age use is implied by this analysis. 

5/ These estimates of percentage of feed nutrients derived 
are 1955-59 averages, as are corresponding figures given on 
the balance of this page and the page following [6, table 3]. 
More recent data suggest that these figures overestimate the 
importance of roughage for beef cattle. 
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1965 and Projected 1980 and 2000 





Exports of U.S. Grains and Soybeans, and Total Use of U.S. Soybeans, 
(Million short tons, except where noted) 


Table 24. 
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(55 percent) and beef cattle (39 percent). The combined sig- 
nificance of the feeding value of all forages in the feed- 
livestock economy should be reemphasized: cattle and sheep 
} consume practically all of the feed nutrients (95 percent) ob- 
| tained from these roughages. About 92 percent and 84 percent 
of the total feed fed to sheep and all beef cattle, respective- 
ly, can be classified as either pasture or harvested roughage; 
62 percent of the total feed used to produce our annual out- 
put of milk and other dairy products comes from_forages. The 
total number of roughage-consuming animal units =’ increased 
from, 1948-50 to 1963-65 at a small compound annual rate-of 
) 1.2 percent. Most of this increase occurred before 1954. 
Statistical analysis identified several factors which presum- 
} ably explained up to 95 percent of the annual variation in 
\ these animal unit numbers during. the 1948-65 period. Farmers 
and ranchers increased their herds in response to the large 
increases which occurred in total personal consumption expen- 
ditures, but animal unit numbers would probably have increased 
much more if livestock selling prices?7/ had not declined sub- 
stantially, especially since 1960. 
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Twenty years ago, livestock products, although high 
compared with food prices in general, were low priced rela- 
| \ tive to feed grains. From 1948 through 1959, livestock and 
milk producers responded to increasingly favorable livestock 
product to feed price ratios by increasing their breeding 
herds. However, during most of the last 10 years, as live- 
stock prices continued to rise compared with feed costs, and 
since ample supplies of feeds of all kinds were available, 
ranchers and livestock feeders used more of their resources 
) to produce and fatten grain-consuming animals, especially 
hogs and beef cattle. Livestock inventories, as measured by 
roughage-consuming animal units, would have been larger 
(since 1960) except for the marked decrease in number of 
dairy cattle and the comparatively large increase in beef 
cattle which were grain-fattened. 
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6/7 Livestock numbers multiplied by weight to represent av- 
erage relative annual consumption of pasture and other forages, 
by each kind of livestock. The benchmark for this series is 
the average annual forage consumption by one milk cow. In 
aggregating this series, cows, and cattle and sheep that are 
not grain fed receive the heaviest weight, while hogs, poultry, 
and grain-fattened beef cattle have no or negligible impor- 
tance [15, 1965 Supplement]. 

7/ Deflated by index of retail food prices [2]. 
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National average estimates of the amount of feeaS/ 
each animal obtained from grazing and from harvested rough- 
age fed increased about 0.8 percent and 1.1 percent per year, 
respectively, from 1948-50 through 1963-65. However, annual 
variations in the estimated consumption of these two classes 
of forage are best explained by different factors. 


Three variables explain about 98 percent of annual var- 
lation of feed obtained from grazing during this 18-year per- 
iod. Regression equations indicate that the amount of feed 
derived per animal from pasture varied closely with a grazing 
demand factor, which is expressed as a joint influence of 
both personal incomes and livestock prices. An index of pas- 
ture and range condition and hay prices compared with all 
feed prices was of secondary importance. Since the USDA index 
of pasture and range conditions declined somewhat during 
these years (on balance), the supply of available good pasture 
limited somewhat the increase in feed nutrients derived from. 
grazing, particularly since 1960. 


Nearly all (90 percent) of the annual variation in 
harvested roughage fed per animal unit from 1948-65 was ex- 
plained by two other factors. Feeding rates of hay and sil- 
age tended to increase with increases in the contemporary 
levels of high-protein feeds fed per animal and with recent 
increases in the price of livestock compared with feed grain 
and hay prices. 


In summary, it can be concluded that the total forage 
requirements of the livestock population have increased mod- 
erately since 1948. Annual livestock inventories, aggregated 
and weighted according to estimated representative roughage 


8/ Expressed in feed units, or corn equivalents [6, table 23]. 
By; The first of these two factors was of particular impor- 
tance. High-protein feeds and some harvested forages often 
act as nutritional complements. Therefore, if more of one 
type of feed is fed, the efficient milk or meat producer will 
increase the feeding level of the other feed, at least when 
the protein content in the animal ration is relatively low. 

On the other hand, certain forages and high-protein supple- 
ments may act as nutritional substitutes (substituting at 
diminishing rates of feed conversion) at higher levels of pro- 
tein in the ration. 
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consumption, probably have not increased significantly since 
the mid-fifties, but feed intake per animal has continued to 
increase in most years, and total feed derived from forage 
probably increased about 37 percent between 1948-50 and 1963- 
65. Finally, the statistical anlaysis confirmed that varia- 
tions in livestock numbers and forage consumed per animal can 
be explained by appropriate factors. 


Projections of Forages Use 


Total feed nutrients (in terms of feed units on the 
feeding value of one ton of corn) derived by livestock from 
grazing is projected to increase 48 percent above 1963-65 
consumption by 1980, and another 62 percent during the 1980's 
and 1990's. Equivalent estimates for feeding of mechanically 
harvested forages fed to livestock in view for 1980 and 2000 
project that this class of feed will become Slightly more im- 
portant. It will most likely provide 52 percent and 150 per- 
cent more feeding value, respectively, compared with 1963-65 
use. Consistent with these forecasts, total feed derived 
from all roughage is projected to increase nearly 50 percent 
by 1980 and then to expand another 63 percent before the end 
of this century (table 25). 


Roughage-consuming animal unit numbers are projected 
to increase at slightly higher rates than the average feed 
derived per animal from either grazing or forages fed 
(table 25). The medium projections imply that livestock in- 
ventories (weighted by forage consumption) will increase, on 
the average, approximately 19 percent each decade. This 
growth rate is slightly higher than the average annual in- 
crease in this series which occurred between 1948-50 and 
1963-65 (1.2 percent), but is considerably below the corres- 
ponding expansion rate attained between 1948 and 1953 (3.1 
percent). 


SE of the Consumption of Beef, 
Veal, L , and Mutton 


During 1948-50, per capita consumption averaged 63.5 
pounds of beef each year. In 1963-65, an average of 97.8 
pounds per capita was consumed. This increase represents a 
compound annual rate of growth of 2.9 percent. The increase 
in personal income after taxes explains much of the increased 
demand for this particular meat. At recent high levels of 
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from Forages, per Animal-Unit 


1965 and Projected 1980 and 2000 


Feed Obtained by Animals in U.S. 
and Total, by Grazing and from Mechanically-Harvested Forages, 


(feed nutrients in million tons of feed units, corn equivalent) 


Table 25. 


| income, an increase of $100 in earnings after taxes resulted 
in an increase of at least 5.5 pounds of beef consumed. This 
preference for beef should continue to rise, although at a 
| slower rate, as incomes continue to grow. During 1948-65, 
| two factors, per capita disposable income and retail beef 
prices, explained up to 99 percent of the variation in annual 
| per capita beef consumption. 
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The consumption of veal declined from a 1948-50 average 

| of 8.8 pounds per person to a 1963-65 equivalent of 5.1 pounds 
per year. This decline represents an average annual compound 
rate of 3.6 percent, but most of the actual decline has occur- 

| red since the mid-fifties. Three factors explain 99 percent 
of changes in annual per capita consumption of veal during 
1948-65: retail veal prices; time, which represents changing 
preferences for and the comparative availabilities of veal 

| and other meats; and the price of veal compared with the price 
of beef. Since 1958, veal has become increasingly expensive 
compared with beef, and each time the price ratio increased 

| by 10 percent, the per capita consumption of veal declined 
one-third of a pound. The declining trend in veal consump- 

tion reflects consumer preferences for other meats (notably 

beef and chicken). It also reflects a shrinking supply of 

) veal which, in turn, is the direct result of the drop in size 

of the Nation's dairy herd, particularly since the mid-fifties. 
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and for 2000, 166.5, 191.2, and 204.7, respectively. 


consuming animal units totaled 103.5 million. 
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The average American consumer is also eating slightly 
less lamb and mutton than the average consumer 20 years ago. 
Per capita consumption declined from an annual average of 
4.4 pounds in 1948-50 to 4.27 pounds in 1963-65, or a com- 
pound annual rate of decline of 0.2 percent. However, the 
rate of decline has diminished since the mid-fifties. The 
\ average consumer increased lamb consumption by a total of 
approximately 1 pound per year between 1958 and 1962, pre- 
sumably in response to progressively lower lamb prices and 
declines in the price of lamb compared with the price of beef. 
The three variables which explain approximately 86 percent of 
the annual variation in lamb consumption per person during 
| 1948-65, listed in order of relative importance, are: time, 

! as a measure of changing consumer preference; retail lamb 
prices; and the price of lamb compared with the price of beef 
at retail. 
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1965 data from [6, 12, 15]. 


Projections of the Domestic Consumption of Beef, 
Veal and Mutton 
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Pasture and other grazing: 
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Harvested forage fed: 


All forages: 
' Source: 


Based on the assumptions concerning personal income, 
relative and absolute prices, and apparent trends in consumer 
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preferences, total consumption of beef in this country is ex- 
pected to continue to set new records during the next 30 
years, but consumer purchases of veal are projected to decline 
sharply. Lamb and mtton demand probably will increase some- 
what faster than population growth. In other words, the 
changes in consumer choice observed during the past 20 years 
are expected to persist and will dominate trends in demands 
for beef and veal. Prospects for lamb consumption are less 
certain. Under several alternatives, consumption should not 
continue to decline. Lamb may even gain slightly higher ac- 
ceptance in many American households. 


Total beef consumption in prospect implies annual in- 
creases each year of 3.2 percent to 1980, and 3 percent from 
1980 through 2000, according to our medium assumptions (table 
26). Our projection, consistent with higher incomes and low- 
er beef prices, is that consumption will increase at 4.2 per- 
cent through 1980 and then grow at a slower rate (3.2 percent) 
during the 1980's and 1990's. By 2000, Americans are expected 
to consume nearly 190 percent more beef than the generation 
of 1965. 


This increase in demand for beef will be coincident 
with a sharp drop in the quantity of veal eaten. Veal con- 
sumption is estimated to decline between 4.2 and 2.3 percent 
each year through 1980, consistent with our low and high pro- 
jections (table 26) .10/ By 2000, our medium projection in- 
dicates that veal consumption will be approximately half the 
1965 level. 


107 The unique position of veal as a by-product of the dairy 
industry complicates forecasts of consumption beyond 1980. 
However, even if it is stipulated that inventories of dairy 
cattle will decline at only a slightly slower rate during the 
last quarter of the century, high and medium consumption esti- 
Mates are fully adequate to absorb veal production, assuming 
that no net export possibilities are developed. Conversely, 
the low forecast of veal use in 2000 may be too low relative 
to prospective supplies. Many veal calves by then might be 
marketed at lighter weights at premium prices, sold at heavi- 
er weights and classed as lower grade beef, or processed into 
cheaper meat products. However, a presumption of more rapid 
rate of decline in dairy cow requirements would suggest that, 
by 2000, little veal would be available, at least from domes- 
tic cows. In that case, it must be questioned whether cons ump- 
tion of imported veal would equal the estimates. 
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Table 26. 


U.S. Consumption of Selected Meats, 1965 and Projected 1980 and 2000 


(Millions of pounds, carcass weight) 


1965 
(Actual) 
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Total selected 


26,738.8 31,841.4 37,496.7 42,253.5 56,515.6 -69,220.4 
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Total lamb and mutton consumed is forecast to increase 
slightly, except under the lowest projection for 1980 (table 
26). Annual increases of 2.8 and then 2.0 percent are im- 
plied by the highest assumptions. An overall growth of about 
1.3 percent a year is considered most probable. By 2000, 
lamb and mutton consumption is projected at 35 percent, or 
123 percent above 1965 levels. 


Under stipulations of fairly low prices and favorable 
prices of lamb compared with beef, total lamb consumption 
will probably increase more rapidly than population increases, 
particularly during the next 15 years. The regression analy- 
sis explaining lamb consumed between 1948-65 indicates that 
a reversal in the decline in per capita lamb consumption is 
likely, if the time factor is extrapolated beyond 1966.11/ 


Exports of Forages and Livestock Products 


Only about 15 percent of the enormous U.S. hay crop is 
sold, the rest being fed on the farms where it is grown. The 
value of hay sales compared with production probably has in- 
creased slightly during the last 20 years (18 percent or 13 
percent) [8]. Most of the hay which does enter commerce is 
sold in the same region as it is grown [11] and little is ex- 
ported. Barring adoption of major innovations in production 
(packaging) technology, the restraints imposed by high ship- 
ping costs in the past should continue in the foreseeable 
future to limit exports of hay and harvested forages to neg- 
ligible importance, relative to total U.S. domestic consump- 
tion of these feeds. If technology does provide economical 
methods for compressing hay into densities comparable with 
that of feed grains (field pelletizing or other packaging 
under extremely high pressure), then hay could become as 
much of a commercial commodity as corn. Under such circum- 
stances a strong domestic market could develop for hay pel- 
lets, and it is assumed that little of the limited supply of 
this feed would be exported. 


Ii7 This inference is consistent with the findings of cross- 
Sectional data on the relationship of lamb consumption to 
family income in 1955 and 1965. ‘The price elasticity of the 
demand for lamb was positive, and lamb consumption rose rapid- 
ly with increases in family income above medium levels, par- 
ticularly in certain regions [17]. Projections of income 
distribution confirm that more household will enjoy higher 
incomes in the next several decades. 
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The total value of U.S. exports of all animals and 
animal products has been impressive: Since 1962, this com- 
modity group has usually ranked fourth among the leading 
eight classifications of leading U.S. agricultural exports 
by value [10]. However, the great bulk of exports within 
this broad commodity group is classified as by-products of 
the meat-packing industry (chiefly variety meats, lard, tal- 
low, and grease), of which the United States is normally the 
world's leading exporter. Dairy products and skims and 
poultry meat constitute the other principal categories of 
these exports [19], by value. 


U.S. exports of beef and veal since 1958 have consis- 
tently equalled only 0.2 percent of domestic production. 
Lamb and mutton exports during 1958-66 ranged from 0.2 to 0.4 
percent of U.S. production [12]. Furthermore, the U.S. trade 
in these meats is strongly imbalanced. The United States im- 
ports between 21 and 28 percent of the world's imports of 
beef and veal, while exporting less than 2 percent. Imports 
of lamb and mutton (mostly the latter) into the United States 
usually represent between 5 and 10 percent of the world's 
trade, and imports have recently constituted as much as 20 
percent of U.S. production [14]. 


=e Exports of live animals, mostly cattle for breeding, 
Similarly constituted negligible percentages of U.S. livestock 
inventories or production [12]. 


Meat prices for higher grade red meats are usually high- 
er in the United States than in most large meat importing na- 
tions. Barring major relative changes in per capita incomes, 
it is considered extremely unlikely that foreign consumers 
will be able to outbid Americans for a significant part of U.S. 
production of higher quality beef and lamb in the foreseeable 
future. Furthermore, trade restrictions imposed by most de- 
veloped nations should continue to stress policies of self- 
sufficiency in meat production. 


Cotton (lint) and Wool 


Total domestic consumption of cotton fiber for all pur- 
poses remained remarkably constant from 1952 through 1963. 
Recently, cotton apparently regained the slightly higher mar- 
ket demand which prevailed during the Korean War. In @irect 
contrast to the trends in use of this major fiber, the FRB 
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industrial production index for apparel products rose at a 
compound annual rate of 3.6 percent from 1948-50 to 1963-65, 
and the corresponding index for all textile mill products in- 
creased 2.2 percent annually. While cotton generally remain- 
ed competitive with rayon and acetate during the last 20 veers: 
it lost major markets to the noncellulosic man-made fibers. 12/ 


Per capita purchases of all man-made fibers grew ata 
remarkable compound annual rate of 5.6 percent from 1948-50 
through 1963-65. Most of this growth reflected increased de- 
mand for the noncellulosics, which are wholly synthesized, 
petroleum-based materials (e.g., nylon and dacron). Consump- 
tion of cotton per person remained quite constant from 1960 
through 1964. The appropriate FRB indexes rose 18 points, 
and the use of these newer fibers increased over 10 pounds per 
person during the same 4-year period. More recently, cotton 
may have regained some of the ground it lost to rayon in the 
early sixties. 


More than 90 percent of the annual variation in per 
capita domestic cotton consumption during 1948-50 was explain- 
ed by changes in the FRB indexes for textile mill products and 
apparel products, and by changes in the ratio of cotton used 
compared with rayon and acetate consumption. As previously 
noted, consumption of man-made fibers during this period was 
highly correlated with both FRB indexes. This close relation- 
ship explains why declines in per capita cotton consumption 
were associated with rapid gains in output of these industries. 
Since 1961, in particular, growth in the American textile in- 
dustry has been explained almost completely by the rapid gain 
in production of nylon, polyester, and acrylic fibers. Con- 
sumers have registered strong preferences for these newer 
noncellulosics, which have never been competitive in price 
with either cotton or rayon. 


Makers of apparel products have always constituted cot- 
ton's main domestic customer. Since 1958, cotton has retained 
a larger share of the apparel market than the smaller fiber 


127 Cotton"’s performance in the household and industrial 
Markets was particularly noncompetitive. The tire cord mar- 
ket, which in 1950 took the equivalent of about 6 percent of 
recent total cotton consumption, was lost completely between 
1951 and 1956. Since the mid-fifties, cotton lost much of 
its market in U.S. Carpet mills to man-made fibers. 
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markets among makers of household products and industrial 
goods. The comparative advantage that cotton has enjoyed in 


1962-64. This increase in cotton disappearance, at a com- 
pound annual rate of approximately 2.3 percent, should be con- 
trasted to corresponding changes in total apparent cotton 
consumption, which grew at a rate of 0.6 percent per year. 
Concurrently, industrial use of cotton fiber declined approxi- 
mately 0.4 billion pounds. 


Statistical analysis indicates that annual cotton con- 
sumption by apparel manufacturers increases 1 percent while 
the FRB index of apparel products increases 14 points, assum- 
ing constant prices between cotton and Man-made fibers. How- 
ever, for each 10-percent increase in the price of cotton 
goods relative to the prices of man-made fibers, cotton used 
for apparel purposes will decrease by more than 1 million 
pounds. 


During 1948-64, these two factors explained approxi- 
mately 98 percent of all variation in annual use of cotton in 
apparel products. Cotton prices increased about 8 percent 
relative to competing textiles between 1948 and 1965. If cot- 
ton prices had remained generally competitive with other fib- 
ers during this 18-year period, cotton probably would have 
held its initial share of the expanding apparel Market. In- 
stead, its market share declined from 66 to 60 percent. 


In recent years, the United States has relied primarily 
On wool imports. In 1965, approximately 75 percent of the 
total wool consumed in the United States was imported. 


Wool prices in the United States generally reflect 
world supply and demand conditions and domestic prices have 
tended to fluctuate directly with foreign prices. Ona duty- 
paid basis, however,-prices of imported wool at Boston are 
normally 10 to 20 percent higher than similar grades of do- 
mestic wool [22, p. 39]. 


Prices for wool were generally competitive with prices 
for noncellulosic fibers from the mid-fifties through the 
early sixties. Since that time, however, sharp price 
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reductions of the noncellulosic fibers haye tended to increase 
the relative price of wool. This reduction in noncellulosic 
fiber price accentuates the competitive adyantage of synthetic 
fibers, which yield a greater amount of fabric per pound of 
fiber than does wool [22, p. 41]. 


In projecting wool consumption, it has been assumed 
that wool prices will fluctuate around the price levels of 
recent years. Also, it is assumed that the trend of decreas- 
ing noncellulosic fiber prices will continue. The only major 
factors’ which will contribute to the maintenance of current 
levels of wool consumption are the special characteristics 
of wool which make it a preferred fiber for climatic and 
other reasons. 


Projections of the Domestic Consumption of Cotton and Wool 


The projections for high, medium, and low consumption 
levels of all cotton fiber and fiber for apparel uses are 
consistent with the appropriate assumptions regarding total 
nondurable manufactures in 1980 and 2000, as presented in 
Chapter II of this report. Also, the projections are based 
on the assumption that no major breakthrough in cotton fiber 
technology is likely that would preclude man-made fibers, 
and particularly the noncellulosics, from acquiring many im- 
portant new uses, as total fiber consumption expands rapidly 
in this country during the next 30 years. However, it is 
stipulated that cotton remains the fiber preferred by most 
apparel manufacturers, assuming that it is priced competitive- 
ly with rayon, with the further supposition that cotton tech- 
nologists can and will further limit loss of traditional cot- 
ton (apparel) markets to synthetics .13/ 


Domestic cotton consumption for all uses is forecast 
to increase to slightly over 4.9 billion pounds (9.86 million 


137. This assumption is an implicit one, consistent with our 
Supposition that cotton fiber technology may best be applied 
to apparel markets, rather than to regaining lost industrial 
outlets. Synthetic fibers blended with cotton to produce 
"permanent-press" fabrics represent the first major invasion 
of apparel products by noncellulosic fibers. This invasion 
into cotton territory may prove temporary, since research al- 
ready underway could reverse this process. : 
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bales) by 1980, consistent with our medium estimate of indus- 
trial production and other factors (table 27). Such a dis- 
appearance would indicate demand approximately 13 percent 
higher than average 1963-65 use. Total cotton use should ex- 
pand at a rate slightly lower than projected population 
growth. In fact, the highest calculation indicates that per 
capita consumption will decline slightly to 21.2 pounds, com- 
pared with a 1963-65 average of about 22.8 pounds (table 27). 


The medium and low estimates of cotton used for apparel 
purposes are consistent with the assumption that cotton pro- 
ducts during the next 30 years will be priced less competi- 
tively than in the 1960's, compared with man-made fiber tex- 
tile products. Experience during the last few years has dem- 
onstrated that man-made fibers will continue to become exce- 
edingly more competitive, from the point of view of price as 
well as quality, regardless of lower cotton prices. Since 
April 1964, when domestic cotton prices were reduced sharply, 
the cotton man-made textile fibers price ratio has widened, 
and cotton goods currently are priced at historically high 
premiums over their principal competitors. Substantial re- 
ductions in prices of synthetic fibers more than offset 
earlier cotton price cuts. 


Cotton lint used by apparel manufacturers is projected 
to increase nearly 3 percent each year through 1980, when con- 
sumption should exceed 3 billion pounds, or about 63 percent 
of cotton fibers used for all purposes (table 27). This 
medium projection is consistent with the assumptions concern- 
ing most likely output of apparel manufacturers and relative 
prices between cotton goods and man-made fiber textile pro- 
ducts. 


By 2000, total domestic consumption of cotton fiber 
for all purposes should be about 11 percent higher than pro- 
jected 1980 requirements. According to the high projection, 
nearly 6.3 billion pounds of cotton will be used annually. 

The low estimate is slightly over 5 billion pounds (table 27). 


Between 1980 and 2000, cotton fiber taken by clothing 
makers is forecast to increase between 1.1 and 1.8 percent 
each year, according to growth rates implied by low and high 
projections (table 27). The medium projection indicates cot- 
ton lint for this principal end use should be 31 percent 
higher at the end of this century than is projected for 1980. 
All projections recognize that cotton goods should become 
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population increases. The medium projections for 1980 and 
2000 indicate consumption levels of 446.9 and 554.1 million 
pounds, respectively, compared with the actual consumption 
of 386.9 million pounds in 1965 (table 29). 


Table 29. U.S. Consumption of Wool, Domestic Mills, 
1965 and Projected 1980 and 2000a/ 


(Millions of pounds) 





1980 2000 


a 


1965 





End use 
Actual 






Domestic mill 
consumptions. 


Apparel man- 
ufacture... 274.5 284.6 294.0 308.6 339.1 369.4 418.4 


Carpet wool. 112.4 148.0 152.9 160.5 169.6 184.7 209.2 


Total..... 386.9 432.6 446.9 469.1 508.7 554.1 627.6: 


a/ Includes Alaska and Hawaii. 


Source: 1965 data from [23, pp. 374-5]. 


Exports of Cotton Fiber and Wool 


Cotton exports have not increased during the past 20 
years and presumably would have declined during the mid- 
fifties if large exports under P.L. 480 had not reversed the 
sizable decline following the Korean War period. Regardless, 
cotton exports in 1965 were still significant to the economy - 
and the industry. Cotton lint foreign sales ranked seventh 
in value among the eight principal agricultural commodity 
groups, and constituted about 20 percent of the value of total 
U.S. farm sales of cotton [4, pp. 40-1]. 


; Statistical analysis indicated that explanations of the 
decline in U.S. cotton commercial exports were’ complex. .Only 
54 percent of the annual variation was attributed to prices 

of U.S. cotton compared with world cotton prices [5]. : 
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Projections of U.S. cotton exports in 1980 and 2000 
(table 27) indicate that foreign shipments should increase 
moderately, according to most likely assumptions and stipula- 
tions for high foreign demand. However, a marked decline in 
cotton exports is possible by 1980, consistent with domestic 
agricultural policies. Under the latter assumptions, the 
U.S. exports of cotton would be residual sales. That is, the 
United States would not compete actively with other cotton 
exporters, and domestic consumption would take all except 
approximately 2.8 million bales of the U.S. crop, Domestic 
agricultural policy is stipulated to discourage additional 
U.S. production beyond that needed to serve the moderately 
larger requirements of U.S. mills. 


The current higher imports of wool indicate that fu- 
ture exports, to the degree they occur, will be negligible. 
It is not anticipated that any large portion of U.S. wool 
consumption will be met from domestic production. 
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CHAPTER IV 
CHEMICALS AND FERTILIZERS 


Projections of three levels of domestic use and export 
shipments in 1980 and 2000 were made for phosphate rock, po- 
ash, and sulfur. Projections were also made of the industrial 
and fertilizer requirements for phosphate rock and potash as 
well as the apparent consumption (not adjusted for exports) 
of two leading industrial chemicals, phosphoric acid and sul- 
furic acid. 


The projections of high, medium, and low industrial 
consumption levels of phosphate rock and potash are in accord 
with the appropriate high, medium, and low projections of the 
FRB index of nondurable manufactures [1]. Also, the fore- 
casts fer domestic use of sulfur are consistent with appro- 
priate projections of the FRB index of total industrial pro- 
duction. In addition, projections of agricultural uses of 
these minerals have been related to projections of the likely 
levels and the probable effects of farm earnings and of sev- 
eral measures of absolute and relative fertilizer prices. 


U.S. export prospects for these minerals will be deter- 
mined largely by world fertilizer markets. The ability or 
willingness of the United States to furnish large quantities 
of these raw materials on credit to the rapidly expanding 
fertilizer industries in the developing nations of Latin 
America, Africa, and southern Asia will be a particularly 
relevant factor. Finally, U.S. capabilities. and intentions . 
regarding the export of crude sulfur and potash will be de- 
pendent on the ability of the United States to import large 
quantities of these raw materials from Canadian and Mexican 
producers at relatively attractive delivered prices. Barring! 
unforeseen technological innovations or geological discov- 
eries of major importance, imports of potash should continue 
to exceed exports. 


Phosphate Rock 


Approximately three-fourths of the phosphate rock con- 
sumed annually in this country is used for agricultural pur- 
poses, and all but 2 percent of this is used for fertilizer. 
While the commercial term "phosphate rock" describes a wide 
variety of materials containing commercially important 
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quantities of phosphates, mainly calcium phosphates and cal- 
cite, the industry expresses consumption and other statistics 
in terms of quantities of the chemical compound phosphorous 
pentoxide (P40 ). The phosphorous péntoxide content of com- 
mercial fert¢lizers consumed in the United States increased 
from 1948-50 through 1963-65 at an average compound annual 
rate of 3.4 percent. Growth during the last half of this 
period was approximately 3.8 percent .L 


Statistical analysis indicated that at least 95 per- 
cent of the annual variation in phosphorous pentoxide used 
in fertilizers during 1948-65 was explained by three vari- 
ables. Most of the moderate increase in consumption was re- 
lated to an index of total deposits. in country banks serving 
leading agricultural areas. This indicator logically reflect- 
ed both borrowing power and retained earnings of agricultural 
producers. Since the mid-fifties, increased use was encour- 
aged by the relatively favorable price level of all fertili- 
zers relative to other crop and livestock production costs. 
Finally, consumption probably was curtailed by the gradual 
but persistent increase in phosphate rock prices relative to 
quotations for potash during the period. 


Fertilizer technology certainly contributed to the 
growth of phosphate consumption since the mid-fifties. The 
newer high-analysis phosphatic fertilizers are much more ef- 
ficient carriers of phosphorous pentoxide in forms which are 
available to growing plants. Widespread adoption of ammonium 
phosphate fertilizers, which can contain 18 percent nitrogen 
and 46 percent available phosphorous pentoxide by weight, 
would certainly increase phosphate consumption. Additional 
technological developments which would generate unprecedented 
domestic demand include possible use of phosphates in areas 
where other limiting factors, such as lack of certain minor 
nutrients, currently prevent satisfactory yield response to 
fertilizers containing high amounts of phosphorous pentoxide. 


{7 Statistics compiled by the U.S. Bureau of Mines [7] for 


the same veriod indicate that sales of phosphate rock for 
agricuitural purposes increased at a 4-percent compound rate. 
However, this series is not adjusted for all inventory changes. 
It includes at least some consumption for poultry and live- 
stock feed, and includes other agricultural chemicals, trans- 
portation, and mixing losses. Also phosphorous pentoxide con- 
tained in at least some mixed fertilizer exports was probably 
inciuded in these domestic sales. 
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Consumption of phosphate rock for nonagricultural pur- 
poses has increased rapidly during the past 20 years. The 
growth rate from 1948-50 through 1963-65 was 9.4 percent com- 
pounded annually, although the rate since 1955 has been only 
about 5 percent per annum. 2, - Phosphate rock, after decom- 
position into either elemental phosphorus or phosphoric acid, 
has diverse industrial uses. Regression analyses indicated 
that 95 percent of the annual variation in the consumption 
of phosphorous pentoxide for industrial purposes between 
1948 and 1965 was associated with similar changes in the FRB 
index for industrial chemicals [1]. During this period, a 
rise of about 6.5 points in the index was associated with a 
l-percent increase in phosphorous pentoxide used by industry. 


For chemical and other reasons, nearly all raw phos- 
phate rock is first decomposed into various phosphorous - 
carrying materials which are then either used directly as 
animal feed supplements and fertilizers or are transformed 
into a wide variety of fertilizers and other agricultural 
and industrial chemical products. Various methods have been 
developed for reducing phosphate rock; selection of the pro- 
cess depends partly on the end use or product to be manufac- 
tured. Alternate methods of acid treatment (acidulation) of 
the raw rock enable processors to substitute other acids for 
sulfuric acid. Treatment by sulfuric acid has been the cus- 
tomary method of producing most phosphoric acid as well as 
the primary source of available phosphoric pentoxide in many 
mixed fertilizers, including normal superphosphate (figure 1). 


Most phosphate rock is reduced to phosphoric acid be- 
fore it is manufactured into agricultural and industrial pro- 
ducts. Phosphoric acid can be produced by several methods 
(figure 1). The lower grade acid produced by the process of 
reducing rock with sulfuric acid generally lacks the high- 
purity characteristics demanded by industrial (food, chemical, 
and drug) users. Therefore, most acid made by this process 
is used in the production of triple superphosphate and other 
highly concentrated fertilizer salts. However, recent changes 
in fertilizer technology have suggested that more higher grade 
acid produced from elemental phosphorus is used in the manu- 


facture of agricultural chemicals, including liquid fertilizers. 


2/ aUsos Bureau of Mines [7] statistics for the same period 

Indicate a growth rate of 8 percent. Before 1955 the Bureau 
of Mines classified phosphate rock used to produce phosphoric 
acid by the wet or acid treatment as industrial use. In sub- 
sequent years, to show that it was used to produce triple su- 
perphosphate fertilizer, it was classified as an agricultural 
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Phosphoric acid produced by HCl 


“Use of HCl has only limited commercial application with current technology. 
process is suitable for higher- -grade uses, but it costs more to make. ~ 
tris process also can produce phosphoric acid, which is recovered by solvent extraction. 


From 1948-50 to 1963-65, Bureau of Census statistics 
{[3] for phosphoric acid production, in. terms of phosphorous 
pentoxide content, indicated a growth rate of 13.4 percent 
compounded annually, a rate which is noticeably higher than 
the annual increases in phosphorous pentoxide consumption by 
either agriculture or industry. An increasing proportion of 
all phosphate rock used in the United States is consumed in 
the production of this chemical, or is exported as phosphoric 
acid. The statistics for the period 1963-65 indicate that 
Phosphoric acid production contained the equivalent of 57 per- 
cent of the phosphorous pentoxide content of phosphate rock 
sold or used by phosphate mines. The comparable proportion 
in 1954-56 was 33 percent. 


The relationship between phosphoric acid production 
and the FRB index of production for industrial chemicals was 
examined for the period 1948-65. This indicator accounted 
for 99 percent of the annual variation in phosphoric acid 
Production. The relationship was linear: a one-point in- 
crease in the index was associated with an increase in pro- 


‘duction of nearly 21,000 short tons of phosphoric acid, ex- 


pressed as 100-percent phosphorous pentoxide. 


Projections of Domestic Phosphate Rock Consumption in 1980 


Industrial use of phosphate rock is likely to increase 
from the 1963-65 average of 1.35 million long tons, phosphor- 
ous pentoxide content, to slightly more than 2 million tons 
by 1980 (table 30). The high and low projections are 2.03 
million and 1.93 million long tons, respectively, on the 
stipulations of higher or lower levels of output for nondur- 
able manufactures. These gains imply annual growth rates 
of 2.6 percent and 2.3 percent, respectively, considerably 
lower than the historic growth rate attained since 1955 
(5S percent). 


While production of all industrial chemicals is stipu- 
lated to grow at annual compound rates between 6.4 and 5.9 
percent during the next 15 years, phosphate rock used by in- 
dustry should be only 50 percent above the 1963-65 require- 
ments by 1980. Since 1955, use of rock phosphate for indus- 
trial purposes has increased at a slower rate than has the 
production of all industrial chemicals. 


use. Growth rates since 1955 for both RRNA and the Bureau of 
Mines series agree. : ; 
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Fertilizer consumption of phosphate rock in 1980 is 
projected at 5.03 million long tons, phosphorous pentoxide 
content, in line with assumptions associated with the medium 
projections of GNP and the most likely values for fertilizer 
price relatives (table 30). Under the assumption of low GNP, 
domestic agricultural use should rise from a 1963-65 base of 
3.5 million long tons to approximately 4.7 million by 1980. 
Under stipulations of high GNP and favorable price ratios, at 
current levels of fertilizer technology the domestic use of 
fertilizer is estimated to increase by 2.4 percent compound- 
ed annually, to about 5.2 million long tons in 1980. 


The foregoing projection stipulated that current fer- 
tilizer technology would be improved only modestly in the 
foreseeable future. However, major breakthroughs in phospha- 
tic fertilizer technology are distinctly possible by 1980, 
and are quite probable by the year 2000. These improvements 
should increase significantly the response of grains and soy- 
beans to phosphatic fertilizers on many soils, including some 
on which phosphatic fertilizers are not used today. Aggregate 
crop production might not change substantially under these 
circumstances, but the amounts of phosphorous pentoxide ap- 
plied as plant food almost certainly would increase sharply, 
both absolutely and relative to the quantities of nitrogen 
and potash used. 


In view of such major technological breakthroughs, it 
is projected that phosphorous pentoxide consumption in fertil- 
izers could increase to 9.6 million long tons by 1980 (table 
30). This expanded demand implies an annual growth rate of 
6.5 percent, well above 1956-65 average (3.8 percent). 


The production of phosphoric acid for both industrial 
and agricultural end uses has tended to increase at a con- 
stant rate with the production of all industrial chemicals. 
Furthermore, annual growth of phosphoric acid production dur- 
ing the past 20 years indicated that progressively larger 
percentages of all phosphate rock used was converted into 
this acid before it was manufactured into various industrial 
or agricultural chemicals. By 1980, phosphoric acid plant 
capacity might easily exceed the projected domestic use of 
phosphate rock, unless the highest projection, contingent up- 
on new fertilizer technologies, is accepted as the most like- 
ly demand level. However, it was assumed that most excess 
acid plant capacity would be used to reduce part of the ex- 
ports of raw phosphate rock into processed phosphates 
(table 31). 
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Table 31. Exports and Total Disappearance of Phosphate Rock and Processed Phosphates, Potash, and Sulfur, 
*1965 and Projected 1980 and 2000 


1965 (Actual) 2/ 1980 2000 
Total Exports Total consumption® Total consumption?/ 
Unit E 
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a/ Phosphoric acid equivalent of total exports of all processed phosphates was not readily calculable. 

B/ Includes domestic consumption (projections from table 1). 

c/ Total phosphoric acid consumption = Production estimate derived from regression equation, 

Y= 20.81455 (FRB index for industrial chemical production) - 423.46 and then converted from short to long tons. 
d/ Estimated domestic use was deducted and the remainder allocated to exports. These percentages of total 
domestic phosphate rock consumed were assumed to be reduced to phosphoric acid before being used to make 
agricultural or industrial chemicals: 1980: 68 percent, 85 percent, and 93-86 percent; 2000: 78 percent, 

80 percent, and 95 percent, respectively. 

e/ The range in high projections for processed phosphates exports results from different percentages of 
assumed phosphoric acid plant capacity needed to process phosphoric acid for domestic use. The higher of the 
two projections of total phosphate rock use and assumes that current levels of phosphatic fertilizer tech- 
nology will remain relatively unchanged in the foreseeable future. Under such circumstances, higher relative 
and absolute quantities of phosphate rock will be converted into processed phosphates before being exported. 
f/ The ranges in projected percentages of phosphate rock reduced to phosphoric acid before being manu- 
factured into various chemicals results from two different total projections of total phosphate rock consump- 
tion. The lower percentage is consistent with the higher projection of phosphate rock consumption and would 
imply that phosphoric acid plant capacity, at the projected level, would restrict the relative amount of rock 
which is first reduced to phosphoric acid (figure 1). 


Source: 1965 data from [3, 7, 9] 





Projections of Domestic Phosphate Rock Consumption in 2000 


Between 1980 and 2000, industrial use of phosphate 
rock in the United States is projected to increase at a com- 
pound annual rate of 1.3 percent, conforming with high pro- 
jections of industrial production, and by 1.2 percent a year, 
conforming with the medium or low projections of industrial 
production (table 30). Fertilizer use is projected to in- 
crease at a slightly higher rate between 1980 and 2000 than 
is implied for the industrial consumption of phosphates. As- 
suming both high GNP and major improvements in phosphatic 
fertilizer technology, agricultural use is projected to in= 
crease to 13.5 million long tons, which implies an annual 
growth rate between 1980 and 2000 of 1.7 percent per year 
from the highest levels projected for 1980 (table 30). 


If it is assumed that significant improvements in phos- 
phatic fertilizer efficiency will not occur during the next 
30 years, then domestic agricultural use of phosphatic rock 
is projected to increase between 1980 and 2000 by 1.9 percent 
per year, based on the high GNP projection, and by 1.4 per- 
cent per year, based on the low projection (table 30). 


Total domestic use of phosphate rock in 2000 is esti- 
mated to be from 83 percent to 110 percent above 1963-65 
requirements, given fertilizer practices prevalent today. 
With radically improved fertilizer technology, total use of 
phosphates could exceed current levels of consumption by 245 
percent. 


Projections of Phosphate Rock Exports, 1980 and 2000 


Dynamic increases in sales abroad have been achieved 
by exporters of U.S. phosphate rock and processed phosphates 
since 1954. Phosphate rock exports increased from 1954-56 
through 1964-66 at an average compound annual rate of 9.2 
percent. This growth trend was remarkably persistent 
throughout the entire 12-year period, and annual exports 
since 1962 have increased even more rapidly. 


Most requirements of less developed countries during 
the next few decades will be met by importing raw materials 
(rock phosphate and sulfur). Development of phosphate rock 
mines overseas will subsequently reduce dependence on U.S. 
and North African supplies. New plant capacity to reduce 
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raw rock into available phosphorous pentoxide will be erect- 
ec, but phosphoric acid production in developing countries 
will not increase as fast as the consumption of phosphates. 
Their imports of processed phosphates may increase at faster 
rates than anticipated, if shortages in shipping space or 
improvements in technology of production, storage, or trans- 
portation of concentrated acids result in economic advantages 
to the developed countries, which would lead to an increase 
in the exports of concentrated phosphatic fertilizers. 


U.S. exports of phosphate rock and processed phosphates 
are projected to increase approximately 180 percent before 
1980, according to the low assumption. Exports then should 
exceed 5 million long tons, compared with the 1963-65 average 
of 1.8 million long tons, phosphorous pentoxide content 
(table 31). The high projection implies an annual increase 
of 9.5 percent compounded, approximately that attained his- 
torically since 1954. The medium estimate that exports will 
reach 6.2 million tons by 1980 implies a similar growth rate 
initially, but assumes that annual gains will decline to 5 
percent after 1975. 


y 


Since 1954, U.S. exports of phosphates have increased 
at approximately the same compound annual rate as world fer- 
tilizer consumption. Since the latter is projected to con- 
tinue to increase at an annual rate exceeding 10 percent, 
all projections for medium and low exports appear easily at- 
tainable. It could be demonstrated that medium level exports 
would be reached if U.S. foreign shipments only retained 
their historic shares of leading markets. Large exports from 
North African countries probably will lower annual rates of 
expansion of U.S. sales in the 1970's. Prospects for impor- 
tant new phosphate mines in other parts of Africa, and pos- 
sibly in South America and Australia, are recognized. Such 
potential competitors could displace U.S. phosphates in at 
least several markets in the 1980's. 


Between 1980 and 2000, U.S. exports of rock phosphate 
and processed phosphates are forecast to increase at a some- 
what slower rate than during the 1970's (table 31). Ship- 
ments snould increase between 4.5 and 5.5 percent per year, 
consistent with the low and high estimates. At the end of 
this century, annual exports of U.S. phosphates are projected 
+o have increased about eight times (medium projection) the 
average foreign sales attained in 1963-65 (table 31). How- 
ever, by 20900 consumption of fertilizer in the less developed 


countries of the free world should equal that of North America, 


Western Europe, and Japan and might total over 43 million 
metric: tons of phosphorous pentoxide annually. 
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Potash 


The term potash as used by the mining industry and 
in this report means the potassium oxide content, or KO 
equivalent, of potash minerals3/ or crude potash salts. Ap- 
proximately 95 percent of the potash consumed in this country 
is used by domestic agriculture or is processed by fertilizer 
manufacturers and exported as a potassium fertilizer material 
and in mixed fertilizers. The estimates indicate that the 
domestic consumption of potash as fertilizer increased at a 
compound rate of 7.2 percent annually from 1948-50 through 
1963-65. Twenty years ago, U.S. fertilizer manufacturers 
used twice as much phosphorous pentoxide as potash. Now, 
this ratio has narrowed to about 1.1 to l. 


Nearly all (98 percent) of the annual variation in pot- 
ash consumption in fertilizers during 1948-65 can be explain- 
ed by two factors. Most of the growth in demand was associ- 
ated with the aggregate increase in buying power of farmers 
and agricultural service industries and with the favorable 
price ratio of fertilizers compared with other farm produc- 
tion costs, particularly since the mid-fifties. Although 
marked price reductions of potash in the early sixties may 
not have been important in increasing consumption, more re- 
cent price increases have probably stimulated production by 
potash producers, and increases in supplies have been absorb- 
ed readily by the rapidly growing fertilizer industry. 


Detergent, soap, glass, and ceramic manufacturers use 
about 60 percent of the 6 percent of domestic potash not 
used by agriculture. Textiles, dyes, chemicals, and drugs 
account for the balance. These industries increased their 
consumption of potassium compounds at an annual rate of 6.4 
percent from 1949-5] through 1963-65. Nearly all the annual 
variation in potash used by these industries during this 17- 
year period can be explained by a composite index ( 33-percent 
weight attached to the FRB index of production of clay, glass, 
and lumber, and 67 percent weight to the FRB index of total 
nondurable manufactures). 


of Potash minerals are primarily potassium chlorides and 
potassium sulfate. Potash fertilizer materials include po- 
tassium carbonate from wood ashes and potassium in organic 
form in tobacco stems. Projections allow for these sources 
which are of minor commercial importance in mixed fertilizers. 
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Projection of Domestic Potash Consumption in 1980 


.... The consumption of potash in commercial fertilizers is 
forecast to increase to 4.6 million short tons in 1980, based 
on the medium GNP projections and the estimates of the most 
likely price relationships (table 30). The increased disap- 
pearance projected by the high estimate implies a growth rate 
of 2.8 percent compounded annually. The corresponding rate 
of growth consistent with the low projection of GNP is 2.3 
percent. 


These implied overall growth rates are significantly 
lower. than. the 7.2-percent annual increase in sales which 
potash fertilizer materials have maintained since 1948.  How- 
ever, marginal increases in annual potash used in domestic 
agriculture in the future should require greater rather than 
constant increases in GNP. In fact, the attainment of the 
medium and high consumption projections, representing total 
increases up to 53 percent more than used in 1964, .assume 
that while fertilizer prices in 1980 will be considerably 
cheaper relative to other agricultural input prices than in 
1964, potash raw material prices will rise sufficiently to 
insure that adequate supplies for both domestic use and ex- 
port are processed and sold. 


Industrial use of potash is projected to increase be- 
tween 1965 and 1980 at a compound annual rate of 5.8 percent, 
based on the medium industrial production, and at 6 percent 
and 5.1 percent per year, respectively, given the alternative 
high and low projections of nondurable manufacturing output 
(table 30). The overall rates of growth implied by these 
projections are somewhat lower than the 6.4 percent achieved 
in the 1949-65 period. However, industries requiring potash 
chemical compounds should continue to increase their consump- 
tion at a constant marginal rate, and output of clay and 
glass manufacturers and other potassium-using industries is 
forecast to increase at corresponding annual rates of 7.8 to 
8.8 percent through 1980. In spite of the differences in 
projected growth rates of agricultural and other industrial 
uses, however, only about 10 percent of the potash consumed 
in 1980 is likely to be used for nonagricultural purposes. 


Projections of Domestic Potash Consumption in 2000 


Consumption of potash in fertilizers between 1980 and 
2000 is projected to increase by 0.8 percent, compounded 
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annually, based on the high and medium projections of GNP, 
and by only 0.4 percent per annum, based on the low projec- 
tion. Again, high and medium projections assume both favor- 
able selling prices for potash producers and relative low 
fertilizer costs to farmers (table 30). 


Domestic consumption by other industries is projected 
to increase between 1980 and 2000 at an annual compounded 
rate of 4.1 percent, consistent with the medium projections 
of industrial projection. Corresponding rates of growth, 
implied by projected high and low levels. of industrial pro- 
duction, are 4.4 and 3.6 percent, respectively, per year 
(table 30). 


During the next 30 years, total domestic potash use by 
fertilizer manufacturers and other industries is projected 
to increase to between 181 percent and 198 percent of 1963-65 
requirements. Industrial consumption in 2000 will constitute 
16 percent of the total demand for potassium compounds, com- 
pared with a corresponding figure of 6 percent in 1965. 


Projections of Potash Exports, 1980 and 2000 


Potash exports increased at a compound annual rate of 
nearly 17 percent during the period 1954-66. Since 1960, 
however, growth has slowed to approximately 6.3 percent, and 
the pattern of change between consecutive years has become 
highly irregular. Since 1962, the United States has been a 
net importer of potash. 


The unique role of the United States as both a leading 
importer and exporter of potash should not be regarded as 
transitionary. Delivered costs of imported potash in many 
important domestic agricultural regions have been lower than 
delivered costs for domestic supplies shipped from the South- 
west. Potassium salts from U.S. mines have been highly com- 
petitive in foreign markets, however. 


Potash fertilizer materials shipped from North America 
and Northern Europe will constitute the bulk of world exports 
in the foreseeable future. Consumption of potash in less de- 
veloped countries will lag behind consumption of phosphorous 
pentoxide until new sources of potassium oxide cause this 
plant nutrient to have a comparative delivered-price advantage, 


-109- 





or until agricultural experience with fertilizers identifies 
potassium rather than nitrogen or phosphorus as the limiting 
factor in crop production. In either of these eventualities, 
consumption in the less developed countries should increase 
as rapidly as it did in the United States during the last few 
decades. 


Between 1967 and 1980, U.S. exports of potash fertili- 
zer materials almost certainly will not continue to grow at 
the extremely high annaul rates attained during the late 
fifties and early sixties (16.8 percent for the entire 1954- 
-66 period, but only 6.3 percent since 1960). The medium es- 
timate is that foreign shipments will reach levels of slight- 
ly more than 1.3 million short tons, potassium oxide equiva- 
lent, by 1980 (table 31). This projection implies that ex- 
ports will increase approximately 5 percent each year from 
a 1964-66 average of slightly more than 0.62 million tons. 


The low projection for 1980 (0.9 million tons) stipu- 
lates that significant quantities of potash from increased 
Canadian production may be sold overseas rather than shipped 
into the north central United States ( table 31). Canadian 
potash production by 1970 should exceed 3 million tons [6], 
and historical extrapolations of exports to the United States 
imply that the domestic fertilizer industry would absorb 
about 2.1 million tons. If as much as half this potash were 
shipped direct from Canada to other established markets, the 
impact on U.S. imports would be quite apparent. 


Moderately larger quantities of potassium oxide will 
be used each year in the developing nations. Barring the 
subsequent discovery and development of important new potash 
deposits, practically all of these requirements will be im- 
ported, presumably from Europe and North America. By 1980, 
these demands should be around 4.4 million tons per year. 

The high forecast is that U.S. exports by 1980 will reach 1.6 
million tons, or 257 percent of the 1964-66 average shipments 
(table 31). This prediction is conditional upon the assump- 
tion that U.S. exporters retain approximately their 1963-64 
share of world potash trade (about 10 percent). However, 
most U.S. potash sales (80 percent) have been to developed 
countries, and potash exports from this country should not 
increase as rapidly as total world trade in fertilizers dur- 
ing the next 15 years. 


Between 1980 and 2000, U.S. exports of potassium salts 
are forecast to increase between 3 and 8.5 percent each year. 
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This sizable range in growth rates reflects the magnitude of 
the uncertainties concerning potash requirements in the devel- 
oping countries, assuming that crop yields during the next 15 
year will increase, roughly 2.6 percent each year, on the 
average. 


The medium estimate is that exports will continue to 
rise moderately, increasing nearly 0.5 million tons each de- 
cade and exceeding 2.3 million tons by 2000 (table 31). This 
gain should be easily attainable, barring significant changes 
in the world fertilizer trade which would disrupt established 
markets for U.S. potash fertilizers. 


Much higher exports can be projected for 2000, provid- 
ed that no new major sources of potassium oxide are developed 
in locations which would materially alter current patterns of 
world trade in potash materials. In this case, the current 
U.S. share of total exports of free world markets would sug- 
gest exports at the end of this century of 6.6 million short 
tons, all except 2 million of which would be shipped to 
Southern Asia, Latin America, and Africa. Then, if a modest 
shift in fertilizer content nutrient ratio is assumed ,4/ U.S. 
exports of potassium fertilizer materials by 2000 would ap- 
proach 8.2 million short tons, potassium oxide equivalent, or 
more than 13 times the 1963-65 average (table 31). 


On the other hand, the low projection for exports in 
2000 is only slightly lower than the medium forecast. This 
forecast of slightly more than 2.1 million short tons, potas- 
sium oxide equivalent, implies a compound growth rate of 4.7 
percent per year from the low 1980 estimate (table 31). This 
comparatively modest estimate is consistent with one of sev- 
eral plausible assumptions which should cause a decline in 
relative importance of U.S. supplies in the huge prospective 
world market in potash fertilizers. World resources of po- 
tassium minerals are extremely large. Unless imports con- 
tinue to exceed the foreign sales from U.S. mines, known U.S. 
reserves of high-grade soluble potassium compounds would not 
enable exporters to acquire a large share of the prospective 
world potash trade during the last several decades of this 
century. 2, 


47 N:P206:K20 from 4:2:1.2 to conform more widely with cur- 
rent ferilizes practices in this country (4:2:1.6). 

S/ Several real prospects should be recognized, anyone of 
which would cause U.S. exports to be curtailed in the next 
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Sulfur 


Apparent total U.S. sulfur consumption (not adjusted 
for exports) increased at a compound annual rate of 3.3 per- 
cent between 1948-50 and 1963-65. This growth was remarkably 
constant until the 1960's, when consumption began to increase 
at a compound annual rate of at least 5 percent. However, 
domestic sales from the leading source of supply, sulfur de- 
posits mined by the Frasch (hot water) process, remained 
quite constant through 1964. During the past 20 years, in- 
dustry has become progressively more reliant on sulfur sup- 
plies recovered from refinery gases, imports of native sulfur 
from Mexico, and recovered sulfur from Canada. 


Countless uses in many leading industries have been 
developed for sulfur, and sulfur consumption in any country 
is often regarded as a reliable benchmark of total chemical 
production, or even of total industrial activity. The statis- 
tical analysis confirms this relationship; about 96 percent 
of the annual variation in sulfur consumption between 1948 
and 1965 was explained by the level of the FBR index of total 
industrial production. Annual consumption of sulfur from all 
sources increased or decreased approximately 45,000 long tons 
with each one-point change in the index. 


Most of the sulfur used in this country is converted 
into sulfuric acid, and then is consumed in the manufacture 
of fertilizers (superphosphate and ammonium phosphate), in- 
dustrial chemicals, paints, pigments, petroleum products, and 
many other products. Industry statistics on the final end 


40 years: (1) Depletion of known domestic reserves of soluble 
potassium compounds. Our reserves are much smaller, relative 
to annual consumption, than any of the other six major produc-— 
ing countries. (2) Failure of the domestic potash industry to 
discover new sources of potassium, either through technologi- 
cal breakthroughs which would permit commercial use of vast 
insoluble potassium-bearing minerals, or through significant 
expansion of known reserves. (3) Major sources of potassium 
fertilizer materials may become available through development 
of deposits nearer prospective major consuming areas, or of 
technologies permitting the extraction of potassium oxide 

from sea water at competitive prices. (4) The USSR may offer 
huge quantities from her resources, either on barter terms or 
through commerical transactions with these developing nations. 
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uses of sulfur are not complete, but they are adequate to al- 
low the identification of significant trends among competing 
industries. Sulfuric acid accounted for 85 percent of sulfur 
used in 1964, compared with 78 percent 10 years earlier. In 
1964, 40 percent of sulfuric acid was used by fertilizer man— 
ufacturers, compared with 36 percent in 1954. Industrial 
chemicals required 20 percent in 1964, compared with 25 per- 
cent in 1954, and whereas petroleum refining used about 10 
percent of sulfuric acid production in 1954, in 1964, petrol- 
eum refining demand for sulfuric acid was insignificant. 


Regardless of changes in use patterns, sulfuric acid 
production in this country has been increasing at a more 
rapid rate than total sulfur consumption. From 1948-50 
through 1963-65, production of sulfuric acid increased at an 
annual rate of 4.4 percent, compounded. This growth rate 
declined to 2.5 percent during the late fifties, and then 
rose sharply during the 1960's to approximately 7.5 percent 
per year. Production during this 18-year period was highly 
correlated with the FRB index of total industrial production, 
which explained 98 percent of the variation in production of 
this chemical. Each one-point change in the production index 
was reflected in a change of approximately 173,000 short tons 
of pure sulfuric acid produced. 


Sulfuric acid and phosphoric acid act as either comple- 
mentary or competitive (substitute) inputs in the manufacture 
of phosphatic fertilizers. Major changes in fertilizer pro- 
duction technology during the past 20 years have been instru- 
mental in increasing the consumption of both these chemicals. 
Many interrelationships between these two chemicals in fer- 
tilizer manufacturing are shown in figure 1. 


Projections of Domestic Sulfur Consumption in 1980 


Total sulfur consumption should continue to grow at a 
constant rate in accord with increases in total industrial 
production in this country. Consumption of sulfur from na- 
tive and other forms, including imports, is projected to 
rise to over 14.9 million tons, elemental sulfur equivalent, 
on the assumption of the medium level of total industrial 
production (table 30). Under alternative high and low pro- 
jections of industrial production, sulfur consumption is pro- 
jected to rise from a 1963-65 average base of 7.3 million 
tons to approximately 15.3 million and 13.8 million tons, 
respectively (table 30). These forecasts imply annual growth 
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rates ranging from 4.8 to 4.1 percent, which are similar to 
the rate at which sulfur consumption grew during the 1960's, 
but which are somewhat higher than the average 3.3 percent 
per year increase in apparent consumption since 1948. 


Sulfuric acid production is also projected to increase 
at a constant rate in accord with increments in total indus- 
trial production. Approximately 95 percent of the sulfur 
consumed in 1980 may be used to produce sulfuric acid, in 
contrast to approximately 85 percent of current sulfur produc- 
tion (table 30). 


Projections of Domestic Sulfur Consumption in 2000 


Between 1980 and 2000, on the stipulations of either 
high or medium levels of total industrial production, sulfur 
use is calculated to nearly double, increasing at annual com- 
pound rates of 3.9 and 3.2 percent, respectively (table 30). 
Consumption projected on the basis of low industrial produc- 
tion would rise to 24 million tons by the year 2000, an in- 
crease which implies a growth rate over the 20-year period of 
2.8 percent per year. Apparent total domestic disappearance 
of sulfur between 1964 and 2000 is projected to increase be- 
tween 330 and 450 percent. Between 1980 and 2000, the pro- 
duction of sulfuric acid is projected to increase at approxi- 
mately the same rates implied for sulfur. 


Projections of Sulfur Exports, 1980 and 2000 


U.S. sulfur exports during the past 20 years have been 
limited by the known reserves of native sulfur deposits, which 
are considered adequate for about 40 years at recent rates of 
extraction. Also, competition from Canadian and French re- 
covered sulfur and the Mexican sulfur deposits prevented 
significant growth in foreign sales of U.S. crude sulfur un- 
til 1963. Between 1963 and 1965, sulfur exports increased 
by 62 percent. In 1966, sulfur exports declined. At the 
same time, leading world producers curtailed their foreign 
sales, sulfur prices rose, and many of the numerous sulfur- 
using industries here and abroad found that supplies of this 
essential element were scarce relative to huge demands gen- 
erated by record world industrial production. The decline in 
the quantity of sulfur available to satisfy world markets is 
probably temporary. World production and U.S. trade can be 
expected to increase in response to increasing sulfur prices. 
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It is assumed that the short-term outlook for sulfur 
consumption in this country will preclude sizable increases 
in U.S. exports of crude native sulfur until after 1970, but 
that in the 1970's higher sulfur prices will have encouraged 
technological developments which will enable the United 
States to become less dependent on its own exportable Frasch 
(native) sulfur supplies to sustain domestic industrial pro- 
duction. It is further assumed that no major breakthrough 
in sulfur technology will occur between now and 1980. In- 
stead, the combination of higher prices and temporary dislo- 
cations of supplies will cause sufficient development of 
larger supplies of recovered sulfur and/or pyrites to release 
additional crude native sulfur for export. The export projec- 
tions for 1980 would probably not be considered by the sulfur 
industry as excessive, based on the best information avail- 
able about probable reserves 10 or 15 years hence. Native 
sulfur has dominated U.S. export trade since the mid-fifties, 
and it is assumed that practically all the sulfur exported 
during the next 10 or 15 years will be crude Frasch-process 
material from Gulf ports. 6/ 


Sulfur exports most likely will increase irregularly 
between 1966 and 1980 at an overall rate of 3.9 percent com- 
pounded annually. The medium projection is based on the as- 
sumption that growth through 1970 would increase 2 percent 
per year, and that growth during the 1970's would parallel 
increased shipments of phosphate rock during the comparable 
period. Exports are therefore expected to reach a level 
slightly higher than 4.2 million long tons, sulfur equivalent, 
in 1980. Projections of a high of 4.7 million tons and a low 
of about 3.8 million tons imply average compound growth rates 
of 4.6 percent and 3.0 percent per year, respectively 
(table 31). 


During the next 15 years, export demand for U.S. crude 
native sulfur will be dominated by the size of contemporary 
shipments of phosphate rock exports. Under current levels of 
technology, shipments of crude sulfur and raw rock phosphate 
from U.S. Gulf ports constitute attractive sources of raw 
materials for the reduction of superphosphatic fertilizers in 


67 Several years ago, before the sizable increase in U.S. ex- 
ports, potential reserves of U.S. Frasch sulfur were judged to 


be adequate to last until 2000, at the current rate of produc- 
tion. 
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many areas where fertilizer capacity is currently being ex- 
panded. It is assumed that normal superphosphate will be the 
most common phosphorous material in many overseas markets dur- 
ing the next 15 years, and that transportation and storage 
considerations will continue to cause overseas buyers to pre- 
fer to purchase raw materials here and process the rock into 
phosphatic fertilizers in their own plants, instead of order- 
ing highly concentrated phosphoric acid. 


Between 1980 and 2000, the demand for U.S. sulfur ex- 
ports will continue to be determined largely by the needs of 
foreign manufacturers of phosphatic fertilizers. An impor- 
tant factor in determining what part of the total demand will 
be met by sulfur-containing phosphatic materials will be 
whether economic crop production in less developed nations 
requires that important amounts of sulfur be added as a plant 
nutrient to fertilizers. 


The projections of high and medium exports in 2000 as- 
sume that domestic supplies of sulfur will be ample relative 
to prospective needs. The low projection is consistent with 
the possibility that sulfur-deficient developing countries 
will be producing significant quantities of their own sulfur 
needs by 2000. 


U.S. exports of sulfur between 1980 and 2000 are pro- 
jected to increase at moderately lower rates than during the 
preceding two decades. The medium projection of 6.4 million 
long tons, sulfur equivalent, is about 150 percent above the 
1966 shipments and implies a compound growth rate Of. 2 eper= 
cent per year from 1980 levels. High and low projections of 
10.2 million and 4.4 million, respectively, imply average 
increases each year of between 3.9 and 0.8 percent (table 31). 
The highest projection represents probable levels of ship- 
ments, if a firm agronomic need is demonstrated for moderate 
quantities of sulfur in crop nutrition. It also implies that 
sulfur reserves for domestic industry will be considered 


ample. 
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CHAPTER V 
SELECTED METALS AND OTHER NONFUEL MINERALS 


The nonfuel metals and minerals considered in this 
study are those which are of specific interest to the Public 
Land Law Review Commission because of their importance in the 
public lands and public land areas. A number of minerals, 
such as some rare earths, fluorspar, chrome, or cobalt, were 
excluded either because their future consumption is dependent 
On strategic factors which cannot be determined, or because 
they are of relatively minor importance to the economy of the 
United States. Boron, for instance, was excluded because it 
is closely connected with military and space programs, and 
commercial experience with boron is insufficient to provide 
a base for projections. Silver, of course, is a special case 
because of its monetary aspects. Although it is an important 
metal in public land areas and industrial use of silver is 
growing, the fact that the price was pegged until very recent- 
ly makes projections very uncertain. 


With the exception of sand and gravel, which are large- 
ly consumed in the regions where they are produced, all pro- 
jections were made on a national basis. Projections of ex- 
ports were made for those commodities which are exported in 
Significant quantities. 


The projections of metals consumption presented in 
this study should be interpreted carefully. They represent 
quantities that will be consumed if trends in relative prices 
remain constant or continue to change at rates implicit in 
the relationships between consumption and the Federal Reserve 
Board production indexes in the years 1948-65 [4]. Although 
cross-substitutions of metal for metal, nonmetal for metal, 
and metal for nonmetal can be expected to occur, the assump- 
tion of constant trends in relative prices appears to be rea- 
sonable since substitutions tend to occur at the margin; 
changes in the relative consumption of the several metals will 
probably not be subject to great variations (e.g., the rate 
of increase in copper consumption may be less than the rate 
of increase in the consumption of a copper substitute, but 
the difference in the rates of increase will not change sig- 
nificantly over the next 35 years). There is no instance of 
declining consumption of the metals considered in this study 
over the period 1948-65. , 


Preceding page blank 
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Consumption, for the purpose of this study, is defined 
as the disappearance of the commodity at the stage of fabri- 
cation where the commodity is in its most homogeneous form; 
that is, before it becomes incorporated in composite products. 
The projections include both primary materials (e.g-, iron 
consumed as iron) and secondary materials (e.g., steel), but 
avoid double counting (e.g-., iron used in making steel). Con- 
sumption was measured at the first stage of fabrication when 
data were available; that is, consumption by fabrication rath= 
er than production of primary material. However, it was some- 
times necessary to use shipments (as distinct from production) , 
as, for example, in steel. Projections of consumption were 
generally based on trends observed between 1948 and 1965. 


Projections of Major Metals 


Iron and Steel 


Projections of U.S. iron and steel requirements were 
necessary as a basis for projecting the consumption of such 
commodities aS iron ore and manganese ores. Consumption was 
defined as the sum of domestic shipments of mill shapes, iron 
and steel castings, imports of steel mill products and cast- 
ings, and exports. 


The level of consumption of iron and steel is directly 
related to the level of industrial production in the United 
States. In projecting iron and steel demand, use was made of 
the FRB projections [4]. Based on FRB projections, the 
medium forecasts for 1980 and 2000 are 255.8 and 451.1 million 
long tons, respectively (table 32) .1 


Since 1948, iron and steel exports have been a declin- 
ing percentage of total production. Because of foreign 


1 These projections are high compared with others commonly 
quoted, e.g., Resources for America's Future [5]. Our fig- 
ures are more inclusive of all types of iron and steel and 
contain both imports and exports. Also, our projections do 
not assume any constraints of supply, and allow for substitu- 
tion of other products for steel at the same rate as has oc- 
curred in recent years. In addition, our figures assume a 
faster growth of GNP in the future than that in the 1950's 
which formed a large part of the base. 
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Table 32. Projected U.S. Consumption plus Export for Selected Metals and 
Minerals, 1965 and Projected 1960 and 2000 
























Commodity Unit 1965 eaee 
Low | Medium Medium 
Iron and steel.......- mil. long tons HOI 6 246.0 255.8 261.9 417.2 451.1 535.4 
Iron ore?/ BRIS Lae 
Domestic consumption, do. 28 194.1 201.7 206.7 B2or 356.1 422.6 
Domestic consumption— 
plus exports...... do. LS. 2R2 BEI Bhs) B22 3235 Ole 5Ls6 551.4 650.8 
MTT SSO ee as ARN thou. short tons BES Ore ee Or, 2 0) Zeer 9,054.7 10,586.4 159/302 LOL ISS el, 2 oo 
CODE es senators helt ous ceg eae do. Pope Ul a 20Bt. 2 4,492.6 CUB ietsi gil! 67/03" 6 ered dD iank 8,402.1 
Wire! WG VES a cae leneke «tens do. eee s a4 Tye hit Cats, 2,145.9 Pie PRVPS 58 3745820 4,056.4 4,465.0 
Brass mills ana 
Guelaiatorermennes dorece hors So do. SOS Pani ieo Mh 2,206.7 Pap ite) Shes 3,245.6 SARE 7) SheBisiti ea: 
Tia etia taticnetetvieisis es ae: xen do. 1, 24 15.5 1,337.4 S658 SPAS Raced | 1,596.4 a AAG es. HY (of, eA, 
ZoEE Crs re os POS Te ee coetatist aon ee P42 PASS Sa ei Le 3,054.4 Gyo Vee MA KA I) 
/ Q 
Setet ey Sav aan ir do. 83.2 326.0 246.0 254.1 436.0 522.6 581.8 
METeury see ce steele oe tnou. flasks Wad 140.0 LS2 58 Wey See) 245.1 29 502 3E7 6 
Manganese eree4 OTe aera fijou. shore tons 2866 -l Pe, ones, 8,307.6 8529 oe 3 OO 2s 15,183.9 18,150.6 
Nickel. .... essere cere do. Dae 300.2 327.6 SVs) fal BS Oni 65.57 721.0 
Molybdenum. ......-.--. 
Domestic consumption Mile el Dr 48.6 
Dom. cons. plus 
tungsten in steel do. Syl k eats! 114.8 25.3 123.9 210)5,0 249.5 2 Ore 
EXDOL CS encuave eieieieke (ns < do. 24.1 50.0 50.0 5080. 100.0 100.0 100.0 
Tungsten®/ Se. eg DIOS eo thouk lb. 10.4 PPS cP 24.4 25ie2 42.7 Gee 56.8 
MAT AC TUM s ersiana chewajieke lene thou. short tons 4.7 dhaeeail aes IP as: 22.4 Pathe 30 C4 
Die COHUE C. Crse taper eiotetianes «© GO 580.3 1,350.4 1,482.5 5257.9) A), sil 3,016.0 3,346.3 


Sand, gravel, and 
crushed stone...... -| Mil. short tons 1,685.7 4,106.4 4,561.6 A 2k 9,338.5 Lie2 2 Bee po Occ 


a/ Iron content. b/ Gross weight. c/ Includes secondary, but excludes exports. d/ Not less than 35 percent 
manganese. e/ Other than used in steel production. 


Source: Data for 1965 from [l, 2, 6, 7]. 


demands for specialty steel and the establishment of subsidi- 
ary outlets by U.S. producers, exports have been projected 

to increase to a level slightly higher than the 1965 rate. 

In 1965, 3.3 percent of total U.S. iron and steel shipments 
was exported. For 1980 and 2000, the percentage is expected 
to decline, although the tonnage will probably increase mod- 
estly. The medium projections of total exports are 3¢6-mil- 
lion long tons in 1980 and 4.5 million long tons in 2000 
(table 33). 


Iron Ore 


The projections of iron ore requirements in 1980 and 
2000 are made by first estimating the total iron content of 
ore that would be necessary to produce the total projected 
consumption of steel. It was assumed that the ore-to-scrap 
ratio in the production of steel would remain relatively con- 
stant. New production (and recovery) techniques have been 
developed which favor both scrap and ore; it was assumed that 
these techniques will tend to offset each other and that the 
ratio will not change over the longer term. 


The medium projection of iron ore requirements is 201.7 
million long tons for 1980 and 356.1 million long tons for 
2000 (table 32). 


In order to estimate the amount of ore needed to make 
the steel that will be produced in the United States, it is 
necessary to know how much steel will be imported for U.S. 
consumption. If present trends hold, the United States will 
be importing almost half its steel by 1985. However, it is 
difficult to accept the suggestion that the rates of increase 
over the past 10 years will be permitted to continue. Both 
for strategic and competitive reasons, the share of imported 
steel in the U.S. market will probably be limited. Imports 
in 1966 exceeded 12 percent of U.S. consumption and have 
elicited strong efforts to restrict them. The projections 
for iron (table 32) are based on the assumption that steel 
imports will be limited to 15 percent of U.S. consumption of 
steel. 


Exports of iron ore are estimated in gross weight be- 
cause the average percentage of iron content of exports is 
not available. Such exports in 1965 were about 3 million 
long tons to Canada and 4 million to Japan. Steel industries 
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Table 33. Export Demand for Selected U.S. Metals and Minerals, 
1948-65 and Projected 1980 and 2000 





Commodity Unit 1965 ie a High 
Iron and steel......-- Mil. long tons Brvle Shot 358 Boe, 4.2 as5 | 5.4 
EMOHSOLOES wortr wars do. ail 10.02/ 20.02/ 
Aluminum?’ . ee aes nee Thous. short tons} 341.0 820 905 NBA eke, 17598 1,914 2,130 
Copper’ em Ne ea oh ens te: ete s aor 50 ql * * ts a * te 
NGG .oeetarta cel wane to eiate stare do. A sas i * a ui te 
WT Cater trserece siete. sue sere e do L Sikes 3 i me we te! = 
MagneSium.....-.+e+ee- do. 17.8 50&/ 100&/ 
Mercury 22 os inlet Sa Thous. flasks pst! * x ba us of bs 
Manganese OYre...---+-- Mil. short tons e/ * ‘3 * tt se ‘ad 
NaS 10s ceuvepr en saskes Shs. my sarin Thous. short tons 20.99/ x - = 3 td x 
Molybdenum?/ cag Cae mG Mil. pounds 24.29 62.7 69.4 Tiss NS Mess) 139.4 154.3 
Tungsten....+esereers aor * * * * x * te 
Vanlad LiuMlicres ate eteeisce eis © Short tons * * hs us te ts we! 
DiaQtOMi tec. cies es «se Thous. short tons 114 PAAR A 296.5 S058 506.4 603.2 669.3 
Sand and gravel...... Mil. short tons [| * * * uy ts be to 
* = Less than 1 percent. 


a 


a/ Gross weight. 
b/ Includes aluminum pigs, bars, scrap, and shapes and forms. 
c/ U.S. expected to be net importer of all forms of copper, with only token exports, except in finished products. 
d/ Net exports of copper scrap. U.S. is net importer of other forms of copper. 
e/ Exports expected to grow, but at decreasing rate. . 
f/ Exports unusually high in 1964 (2,575) and 1966 (7,543). Returned to normal (357) in 1966. 
Includes scrap, alloys, mill shapes. Exports are almost wholly secondary and reexports, and they vary con- 
siderably. No projection attempted because it was considered not significant. 
h/ Export demand may not actually be met if supplies become inadequate. 


Source: Historical data from [l, 2, 6, 7]. 


in both countries are expected to expand substantially in 

the next 35 years, but both have alternative sources. of ore. 
Australia, Malaysia, the Philippines, and South America are 
providing increasing quantities to Japan. However, the Ja- 
panese need will be so great that it is believed that ship- 
ments from the west coast of the United States and Alaska will 
continue to hold a share of the Japanese trade. Thus, the 
export demand for U.S. ore may be expected to increase at a 
rate of about 5 percent annually, rounded off to 10 million 
long tons for 1980 and 20 million for 2000 (table 33). 


Aluminum 


Consumption of aluminum has risen dramatically in the 
post-World War II period, from 731,000 short tons in 1948 to 
3.7 million in 1965. The use of aluminum has increased 
steadily, with actual declines in 1958 and 1960 only. The 
correlation between demand for aluminum and the FRB index of 
durable goods production is high (.973), and the index was 
used to project requirements. This gave a medium estimate of 
9.055 million short tons in 1980 and 19.139 million short tons 
for 2000 (table 32). While these figures seem astronomical, 
they are no more surprising than those for current consumption 
compared with 1948. Aluminum is only beginning to be used in 
many fields where it has a promising future. For instance, 
in the construction business aluminum can be substituted for 
several million tons of steel in 1980 without any apparent 
effect on steel demand (about 2 percent of projected steel 
consumption), but with dramatic results in expanded aluminum 
demand. In fact, the projections of both steel and aluminum 
assume that such substitution will continue to take place at 
a high rate, as over the past 18 years. 


Export demand has been a substantial factor in the alum- 
inum industry in the United States. It is projected to con- 
tinue at 10 percent of output (table 33). The aluminum indus- 
try in the United States participates in a worldwide market 
in which company relationships cut across national boundaries. 
Aluminum will continue to be exported, although the United 
States is a net importer by two to one. The exports are in- 
creasingly made in shapes and forms, and proportionately less 
in primary aluminum and scrap. 


Copper 


The consumption of copper in the United States has been 
erratic in the post-World War II period, more from interference 
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with supply than from changes in demand. Strikes and politi- 
cal uncertainties have created periodic but irregular short- 
ages which, in turn, have necessitated substitutions, both 
temporary and permanent. Most of the variation falls on the 
brass mills, because there is little room for substitution or 
postponement of consumption in the wire mills. Thus the coef- 
ficient of correlation between the FRB index of industrial 
production and copper consumption in the wire mills is high 
(.913), whereas that for the FRB index of durable goods pro- 
duction and copper consumption in the brass mills is low (.479). 


Supply shortages (including uncertainty as to supply) 
led to the temporary loss of some important brass markets in 
the 1950's. One of these was the automobile hub cap market, 
in which stainless steel made substantial inroads. When the 
copper supply improved and prices returned to more normal 
levels, brass got much of the market back. This was repeated 
in many other lines where brass is in competition with plas- 
tics and other products. On the other hand, military consump- 
tion in Korea and Viet Nam boosted brass demand much above 
the level that could be sustained for long. These wide varia- 
tions around the trend line do not seem to form a pattern 
which calls for a departure from a straight-line regression 
correlation between copper consumption in the brass mills and 
the FRB index of industrial goods production. 


Analysts in the industry have admitted that the brass 
mill pattern does not yield to statistical analysis, except 
perhaps through a highly disaggregated approach for which the 
figures are not available (for example, substitution of brass 
by plastics). Since copper use in the brass mills seems to 
return to the trend when supply is uninterrupted, we have pro- 
jected on that basis.2/ The total projection is the sum of 
separate projections for the wire mills and for other uses 
(table 32). 


Exports of copper were considered to be reexports; im- 
ports of blister in bond for refining and reexport were not 
included in consumption. The United States is a heavy net 
importer of refined copper, and exports are of negligible 
size and importance. Exports of copper scrap are important, 


2/7 That_is, the wide variation and low coefficient of signifi- 
Gance (R*) were considered not to have invalidated the regres- 
sion equation of copper consumption by the brass mills on the 
FRB index of durable goods production. 
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primarily because the world refined copper price (London 
Metal Exchange) is often above the administered price set by 
United States refineries. When U.S. refinery supply is ade- 
quate, then scrap prices in the United States are low and at- 
tractive to foreign buyers. Copper scrap exports have often 
been limited by the U.S. Government to preserve domestic sup- 
plies. In any case, scrap exports were considered as reex- 
ports and not part of demand for United States copper 

(table 33). 


Lead 





Lead is unusual among metals in that it has suffered 
heavy competitive inroads from other materials in a short per- 
iod of time. In part, this was due to the scarcity of lead 
during the Korean War, which intensified efforts to bring in 
substitutes that had been under study for years. Several new 
developments that were inevitable in the long run converged 
in the 1950's. Titanium and, later, plastics captured the 
paint market in the post-World War II period. The development 
of catalytic cracking of gasoline temporarily reduced the use 
of tetraethyl lead. Because of improvements in the efficiency 
and useful life of storage batteries, use of lead in batteries 
did not increase as rapidly as the increase in the number of 
automobiles. Thus, in spite of low prices for lead, consump- 
tion did not pick up as one would have expected. High demand 
during the Korean and Viet Nam Wars created variations from 
the regression line, but the lack of correlation between lead 
consumption and the FRB index of durable goods production was 
due mainly to the fact that lead consumption, perversely, was 
going down in some years while the index was going up. In 
1965 the consumption of lead (1.242 million short tons) was 
only a little above 1955 and 1956 (1.213 million and 1.210 
million, respectively) and was almost the same as in 1950 
(1.238 million). 


The reasons for the commodity behavior of lead rest in 
the nature of lead supply. The metal is one of the less com- 
mon materials in the earth's crust. Over the long run, econo- 
mies in the use of lead must be developed or the supply will 
be very short. Yet when it does occur in nature, lead is 
found in rather rich deposits that are not difficult to mine 
and smelt. Thus, modest increases in price can quickly bring 
out a surplus. At other times, demand can quickly outrun ex- 
isting supply. The situation would be chaotic if it were not 
for the existence of large supplies of secondary lead (chiefly 
storage batteries), which can be called on quickly. 
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The rate of growth indicated by a regression line of 
lead consumption on the FRB index of durable goods production 
was accepted more because it coincides with the logic of lead 
supply and demand rather than because of the degree of correla- 
tion (r=.509). The trend for lead was established using the 
years 1940-66, since there is evidence of a distinct change 
in relationship between the FRB index and lead consumption in 
that period compared with the pattern of the 1920's and 1930's. 


Exports of lead metal are negligible, since the United 
States is a heavy importer. 


Zinc 


The demand for zinc was more stable in the 1950's than 
that for copper and lead. It was affected by erratic demand 
for brass, which was caused by copper fluctuations. Zinc was, 
and is, in direct competition with aluminum and plastics in 
diecastings, and it has been heavily substituted by plastics 
in paint. Yet it has not been totally displaced in any of 
these lines of use. Small price changes permit zinc to meet 
aluminum and plastics competition. Galvanizing, which is the 
second largest use, has held up rather steadily from year to 
year. Zinc in alloys (both in brass and for diecasting) fell 
off in the late 1950's. Diecasting recovered in 1962, but in 
brass, copper is the dominant ingredient by value, so that 
shortages and high prices of copper impinge on zinc demand. 


The correlation of zinc with the FRB index of durable 
goods production was not high, but was acceptable (.808). It 
would undoubtedly have been higher if the demand by the brass 
mills had been steadier. Here, as in the case of lead, a 
distinct pattern emerged from the 1940-65 period, and we used 
the longer series for our equation. 


Zinc is similar to lead in that it is rather easy to 
mine, smelt, and refine. It is not one of the more abundant 
materials, such as aluminum or magnesium. Over the longer 
term, the consumption of zinc, while it may increase faster 
than that for lead, must be restricted or supply will be 
tight and it will price itself out of the market. Secondary 
zinc is less of a factor than is secondary lead, since almost 
all galvanizing zinc is lost as well as other zinc used for 
protective purposes. 
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Exports of zinc are negiglible, since the United States | 


is a heavy importer. 


Projections of Minor Metals and Additives 


Magnesium 


Magnesium is a metal that has come into prominence 
since World War II. In 1944 consumption had reached 132,000 
short tons, but by 1948, the industry was practically start- 
ing over at 17,500 short tons. Consumption grew rapidly, 
with short recessions in 1954, 1958, and 1960 which coincided 
with industrial recessions. The correlation with the FRB 
index of durable goods production was very close from 1948 
to 1965, with a coefficient of .983. 


The advantages of magnesium are due to its strength- 
to-weight ratio. Technical difficulties in fabrication and 
use held back its civilian applications. These difficulties 
were less important in military uses where cost was less of 
a factor; hence, the high usage in wartime. As the techni- 
ques of using magnesium developed, consumption in the United 
States plus exports increased several-fold between 1948 and 
1965 -- from 17,500 to 101,000 short tons. Compared with the 
potential uses of magnesium, this is still a small tonnage. 
There are still engineering difficulties with magnesium, but 
as they are overcome there is little doubt that use of magnes- 
ium will increase substantially. One especially important 
use is in the refining of titanium, the use of which is bound 
to increase rapidly in industry. 


Projections using the FRB index of durable goods as the 
independent variable indicate a demand of 246,000 short tons 
as a medium figure for 1980. By 2000 this could rise to 
522,600 short tons (table 32). These figures do not include 
exports, which have been an important part of U.S. demand. 


Exports have increased more rapidly than domestic con- 
sumption, from 444 short tons in 1948 to 17,800 tons in 1965. 
However, other countries with the industrial capability for 
producing and using magnesium have been delayed in getting 
into production. They have generally been induced to design 
into magnesium, because of its availability, before they were 
ready to produce their own metal. As is evident, there is 
still excess producing capacity in the United States. 
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The rate of increase of U.S. exports may be expected 
to slow down, whereas total exports may well continue to in- 
crease, as they have in aluminum. Projections for magnesium 
exports could range from a low of 25,000 to a high of 142,000 
short tons for 1980. The range would be correspondingly wider 
for the year 2000. The most difficult factor to assess is 
the future progress of foreign industry, which may depend to 
a considerable degree on national policies. There is no dem- 
onstrable medium probability, but it is reasonable to expect 
that a medium figure for 1980 might be 50,000 short tons, and 
for 2000, about 100,000 short tons (table 3.3). 


Mercury 


The erratic nature of Mercury consumption has been 
primarily due to supply problems. The wide fluctuations in 
price were discouraging to consumption in lines in which mer- 
cury was a major element in the final product and consumption 
could be postponed. For example, the widest variation is 
found in agricultural uses and in those classified as “other," 
whereas in industrial uses, such as electrical apparatus and 
in chemical processes, consumption has grown steadily along 
with the indexes of industrial production. In at least one 
sector of demand, industrial and control instruments, the 
trend has been downward, from 6.525 million flasks in 1960 to 
3.106 million in 1965. As a result of these diverse movements 
in consumption, the coefficient of correlation of mercury con- 
sumption with the FRB index of industrial production is on the 
margin of acceptability (.808). 


The variations in supply are due to the structure of 
the industry. There is a wide gap in costs between the Span- 
ish producer (Almaden), the lowest cost producer, and the 
Italian producers, who are next lowest in cost, and all other 
mercury suppliers (including those in the United States). Re- 
peatedly the low-cost producers have restricted supply to 
raise prices, but they carried this policy so far that margin- 
al producers began to increase production. A surplus result- 
ed, with heavy price cuts to drive high’ cost producers out. 
These practices also led to inventory speculation which, at 
least at times, reinforced the extremes. 


If supply had been more regular, it is probable that 
consumption of mercury would have reached higher levels than 
it has. On the assumption that the troubles of the mercury 
producers will not improve in the future, and that shortages 
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and surpluses will continue to plague the industry, consump- 
tion was projected using the regression equation of mercury 
consumption, 1949-65, on the FRB index of industrial produc- 
tion. This resulted in an estimated consumption of 152,800 
flasks (76 lbs.) as a medium figure for 1980, and 288,200 
flasks for 2000, compared with 76,500 in 1965 (table 32). 
This is not to predict that so much mercury will be produced, 
but that if it were available, it would probably be consumed. 


Exports of mercury are to be treated as reexports, 
since the United States imports two-thirds or more of its 
supply. Exports are nominal in most years, amounting to less 
than 1 percent of the U.S. supply. In years when world 
prices were higher than U.S. prices, for example in 1965 when 
stockpile mercury was released, exports increased to 7,500 
flasks. These were not representative of normal exports of 
the United States. 


Manganese Ore 


Manganese consumption is closely associated with steel 
output. A 2-year moving average of manganese imports for con- 
sumption and shipment to mills by domestic mines was correlat- 
ed with a 2-year moving average of crude iron and steel pro- 
duction. This produced a coefficient of correlation of .97. 


There is no substitute on the horizon for manganese in 
steel production. The projected quantities of manganese in- 
dicate that recourse to lower grade ores, including those of 
the United States, is a distinct possibility, as well as the 
recycling of steel mill slags. The latter has been studied 
frequently, but up to now has been found uneconomic. 


Exports are almost nonexistent and it is not likely 
that this situation will change before 2000. 


Nickel 


The United States imports all but a small quantity of 
its nickel supply. The bulk of it comes from Canada, where 
the International Nickel Company continues to hold its share 
of the market at more than 60 percent [3]. ° A small amount, 
about 12,500 short tons, was produced in the United States in 


S-130- 





1965, compared with the consumption of 172,000 short tons in 
that year. 


Nickel is used in a wide variety of products, but the 
most important is stainless steel, which accounts for about 
33 percent of United States nickel consumption. Other uses 
are for plating (16 percent), high nickel alloys (14 percent), 
alloy steel for construction (12 percent), and iron and steel 
castings (11 percent). These uses are highly correlated with 
the FRB index of durable goods production, yielding a coeffi- 
cient of .918. This correlation would undoubtedly be higher 
if it were not for. occasional shortages of nickel. These 
shortages are met in several ways -- lowering the nickel con- 
tent in alloys and plating, recourse to chrome stainless 
steel in noncritical uses, and heat treating or substitution 
of manganese, vanadium, and other ferro-alloys at some sacri- 
fice in cost and performance. Thus, the use of nickel may 
lag behind the durable goods index. Nickel also has military 
uses which stimulate demand in time of emergency to levels 
higher than would be measured by the index. Thus, the esti- 
mating equation using the durable goods index as an indepen- 
dent variable is considered to be very good for purposes of 
projection. 


The medium estimate for 1980 consumption of nickel is 
327,600 short tons and for 2000, 651,700 short tons (table 32). 
These figures appear large at first glance, but reflection on 
future demand for jets, rockets, space machinery, and the 
myriad of other uses for this versatile material shows that 
the estimates may even be conservative. 


Industry and trade sources apparently agree that free 
world demand for nickel will increase by about 6 to 7 percent 
per year [3, p.3]. Our estimating equation has a slope of 
6.9 percent for the United States, which is consistent with 
industry expectations. 


Exports of nickel are in the form of scrap, which 
should be considered as a reexport. Nickel in scrap is usual- 
ly priced well below primary nickel, which makes it attractive 
to export. If it were not so priced, domestic consumers would 
consider primary nickel to be in short supply and begin to bid 
up the price of free nickel (that is, not distributed by Inter- 
national Nickel Company and other major suppliers at adminis- 
tered prices). This was the condition in 1967 -- nickel scrap 
exports were high, with consequent high prices for free nickel. 
However, such exports should not be thought of as demand for 
U.S. nickel. 
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Molybdenum 


Molybdenum and tungsten are directly substitutable for 
each other in some important steel alloys. Which will be 
used depends upon their relative prices. The changeovers 
take time and are costly, however, and will be made only when 
the price differentials promise to persist for some months or 
years. Molybdenum is relatively stable in production and 
price, because the major world supply comes from the United 
States. There are only a few producers, and the Climax mine 
is still the largest. Tungsten, on the other hand, is widely 
produced. The largest producer is China. Erratic marketing 
has caused shortages and surpluses of tungsten. Thus, alloy 
steel producers have designed into molybdenum, and have re- 
sorted to tungsten when they had to, or when tungsten was 
very cheap. Molybdenum consumption in 1965 in the United 
States was 72.7 million pounds, compared with 13.6 million 
pounds for tungsten. 


Molybdenum production has been occasionally upset by 
strikes, so that consumption has been irregular (though less 
so than tungsten used in steel). Molybdenum consumption 
alone does not correlate very well with the indexes we are 
using. When the consumption of tungsten in steel is added to 
molybdenum consumption, the coefficient of correlation is .90. 
Molybdenum has made up 95 percent or more of the total molyb- 
denum-plus-tungsten used in steel in recent years, so the 
projections were labeled molybdenum demand, although it should 
be noted that moderate amounts of tungsten are included. 


Exports of molybdenum are an important part of demand 
for U.S. production. They have comprised an increasing pro- 
portion of total molybdenum shipments, averaging 39 percent 
for the period 1961-65. This proportion of demand could 
€asily continue in the future, depending on the reliability 
of U.S. supply. Exports are projected at 40 percent of total 
U.S. shipments, European consumers in particular favor molyb- 
denum over tungsten, and have designed their products and 
processes to use it. It should be noted that China could al- 
ter future patterns by selling tungsten cheaply. It should 
also be noted that the medium estimates of 125.3 million 
pounds for 1980 and 249.5 million pounds for 2000 include ex- 
ports. United States domestic shipments would be 60 percent 
of the total. 
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Tungsten 


Tungsten has had an erratic supply and price history 
because the world's greatest and cheapest supplier is China. 
While tungsten consumption has more than doubled since 1948, 
the quantity used in steel alloys has not changed appreciably. 
About 25 percent of U.S. consumption is largely, though not 
wholly, interchangeable with molybdenum in steel. The other 
uses, such as cemented carbides, have increased steadily. 
Consumption for uses other than steel-making was correlated 
with the FRB index of industrial production, yielding a coef- 
ficient of correlation of .895. Except for erratic interrup- 
tions in supply, this figure would have been substantially 
higher. Total demand for tungsten would include some allow- 
ance for use in steel, which has been about 25 percent of 
tungsten consumption, but this proportion should decrease 
slowly, to about 20 percent by 1980 and 15 percent by 2000. 
These estimates of the balance between molybdenum and tungsten 
could be upset by changes in world supply of either metal. 


Exports of tungsten would be highly unusual since the 
protected domestic industry has a price higher than the world 
market level. 


Vanadium 


Vanadium demand is closely associated with the FRB 
index of industrial production. The coefficient of correla- 
tion is .967. Eighty percent of Vanadium goes into iron and 
steel production, but other uses are developing. Vanadium has 
been in good supply because it is a by-product of uranium re- 
fining. This has encouraged the design of vanadium-bearing 
products and has stimulated a high rate of growth in its use. 
Future requirements for both 1985 and 2000 are staggering 
compared with present levels (table 32). However, this situ- 
ation is true for a number of metals, and if presently indi- 
cated rates of growth continue, it will be necessary to think 
in new orders of magnitude for those materials. 


The United States imports vanadium and is expected to 
continue to do so. 
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Diatomite 


Diatomaceous earth, or diatomite, is a chalky deposit 
formed of fossilized plankton, or diatoms, which has several 
useful properties. It has good insulating qualities and in 
the form of bricks; sawn blanks, or powder will withstand 
high heat. It is widely used to filter water and other. ma- 
terials, and is also used in paints. Although it is not a 
popularly known mineral, it has been used in industry for 
years. Consumption has been growing steadily in the United 
States and abroad since World War II. In the United States 
it is chiefly found in California, Nevada, Oregon, Washington 
and Arizona. 


The consumption of diatomite has been closely correlat- 
ed with the FRB index of industrial production. The coeffi- 
cient of correlation between the index and sales of diatomite 
between 1948 and 1965 is .985. Consumption data is in the 
form of 3-year averages of sales to avoid disclosure of con- 
fidential statistics. This probably contributes to the high 
degree of correlation. Projections based on the foregoing 
relationship yield a medium estimate of U.S. consumption plus 
exports of 1.48 million short tons in 1980 and 3.02 million 
in 2000. Exports have been running about 20 percent of sales 
and we see no reason for that to change. The average value 
of exports indicates that the bulk of the material has been 
processed in the United States. For that reason, recorded ex- 
ports are included as U.S. consumption. 


An independent estimate placed projections for 1985 
and 2000 at 800,000 and 1.4 million short tons, respec- 
tively.3/ These are far short of our projections. The inde- 
pendent estimate is essentially a time-trend projection of 
U.S. sales less exports. As noted above, we included exports 
and, also, projected growth of the industrial production in- 
dex at a higher rate than that of the 1950's. Diatomite con- 
sumption grew rapidly and steadily while the economy backed 
and filled through several recessions. The rate of increase 
in consumption per point of index was high, and now that GNP 
is increasing more rapidly, future growth in diatomite should 
be at a faster rate than in the past. Diatomite sales in- 
creased by 240 percent between 1949 and 1964, while the index 


37. An informal communication with the U.S. Bureau of Mines, 
used here to show the range of estimates that are possible 
with different techniques and to give perspective to our pro- 
jections. 
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of production rose 190 percent. If the index rises 212 per- 
cent in the next 15 years, the demand for diatomite will rise 
267 percent above 1964, which would be near our figure. It 
is expected that the demand for diatomite will approach the 
quantities projected if presently foreseen conditions hold, 
but it cannot be predicted that reserves and costs will per- 
mit that amount to be produced and sold. 


Sand and Gravel 


Consumption of sand and gravel have been combined with 
crushed stone consumption to arrive at a figure for consump- 
tion of aggregates. The very great expansion of concrete 
construction, which accounts for more than half the usage of 
these materials, has stimulated steady crowth of the industry. 
The production of heavy aggregates has more than tripled 
since 1948. 


Crushed stone constituted a larger percentage of the 
total in 1965 (46 percent) than it did in 1948 (41 percent). 
As the better deposits of gravel are exhausted, this ratio 
can be expected to increase until, in 1980, more crushed son 
stone than gravel will be used. This trend is not as great 
in the West, where only about 50 million short tons of crush- 
ed stone were used for concrete and roadstone in 1965, out of 
a total of 503 million tons for the Nation. Total use of 
crushed stone was 777.7 million tons in 1965, but distribu- 
tion by region is not available. On the other hand, the West 
used 274 million tons of sand and gravel in 1965 out of a na- 
tional total consumption of 908 million tons. When crushed 
stone and sand and gravel are added together and distributed 
by region, the totals correspond reasonably with the regional 
shares of construction (table 34). 


There is apparently a substantial movement of aggre- 
gates between regions in spite of their bulk, low vaiue, and 
consequent high transport costs. From the sample available 
from the 1963 Census of Mineral Industries [6], the Northeast 
Region produced only about percent of the aggregates, but 
accounted for 24 percent of construction. The North Central 
Region accounted for 26 percent of the total construction, 
but produced more than 36 percent of the aggregates. The 
West apparently produced about 25 percent of the aggrecsates 
and was the site of 24 percent of the construction. That 
would be expected in view of the shipping distances from the 
West to consuming centers in other regions. 
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CHAPTER VI 
MINERAL FUELS AND ELECTRICITY 


In this chapter, projections of the residential, com- 
mercial, industrial and transportation consumption of miner- 
al fuel and electricity are presented, as well as fuel con- 
sumption for electricity generation in 1980 and 2000. ~ 


The projections are based on the methods and projec- 
tions of a 1963 study by Resources for the Future, Inc. (RFF) 
[16]. 


Essentially, the RFF approach was to project several 
independent variables (e.g., population, tons of steel) which 
are determinants of energy consumption for each energy- 
consuming sector (e.g., residential, industrial), and to pro- 
ject unit energy consumption both for fuels (in B.t.u.'s) 
and electricity in units of fuels or electricity required 
per unit of output. Projections @f individual fuels were 
obtained by allocating shares of total fuel requirements on 
a percentage basis to gas, oil, and coal. The RFF projec- 
tions and their underlying assumptions have been examined 
and adjusted in the light of developments since 1960. 


Projections of residential consumption of energy were 
related to the number of households in the United States in 
1980 and 20090. Projections were made of the number of house- 
holds with spaceheating, air conditioning, lighting, and six 
major appliances; the proportion of appliances using elec- 
tricity, gas, coal, or oil; and the annual energy require- 
ments of each appliance. 


Commercial consumption of energy fuels historically 
has shown a remarkably constant relationship with residential 
consumption, and is projected on the basis of the expected 
future relationship to residential requirements. 


Projections of industrial consumption were made for 
each of the following industrial uses: steel and nonferrous 
metals production, "all other" manufacturing, petroleum re- 
fining, mining, and the Atomic Energy Commission (AEC) .1/ 


17 Electric power consumed by AEC installations. 
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Independent variables were tonnages of production for steel 
and nonferrous metals and the Federal Reserve Board indexes 
of industrial production for "all other" manufacturing and 
mining. Projections of these variables were then related 
to estimates of fuels and electricity consumption per ton of 
production or per point of the industrial production index. 
The projections of unit energy consumption allowed for ad- 
vances in technology and efficiency. Projections of energy 
consumption by petroleum refining were related to total re- 
quirements for petroleum. 


The independent variables used to determine transpor- 
tation requirements were the stocks and annual mileages of 
cars, trucks, and buses. Truck and car stocks were projected 
on the basis of their relationships to Gross National Product 
(GNP) and population. Total mileages were then multiplied by 
estimates of fuel consumption per vehicle mile. 


Electricity generation in the United States was obtain- 
ed by totaling the projected requirements for each end use 
and adding the estimated transmission losses. 


The projection for hydro generation in 1980 was based 
on projections by the Federal Power Commission [12]. These 
projections have been updated and modified to include changes 
in plans that have occurred since 1964. For 2000, an estimate 
was made of the remaining unused hydro sites that would be 
developed between 1980 and 2000. 


Nuclear generation estimates were based on the most 
recent projections by the Atomic Energy Commission. Projec- 
tions of the quantities of coal, oil or gas to be used for 
electricity generation were based on the total amounts of 
electricity which will be generated from conventional fuels 
(i.e., total generation less hydro and nuclear generation) 
and from estimates of fuel required per kilowatt hour of gen- 
eration. 


National Consumption of Mineral Fuels 


The medium projection of the consumption of convention- 
al fuels (coal, oil, ang gas) in the United States indicates 
an increase from 52 quadrillion B.t.u.'s in 1965 to 79 quad- 
rillion in 1980, and to 126 quadrillion in 2000. . Coal 
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consumption is projected to increase by 118 percent from 1965 
to 2000, oil cansumption by 146 percent, and gas consumption 
by 158 percent. 


Table 35. U.S. Consumption of Coal, Oil and Gas, 
1965 and Projected 1980 and 2000 


(Quadrillion B.t.u.'s) 





1965 


(actual) 






Fuel 









Low 


Coaleer 14 19 20 Bye aay, 30 34 
Ontlayee DA 28s 23 1! B65 44 53 68 
Gasemne sa 26 28 29 38 44 49 

Totals 52 Br 79 5586 110 U27 151 


Source: 1965 data calculated and summarized from 17 sources. 
See Appendix tables. 


The medium projections of the annual consumption of 
uranium (U,0,), at present only a few thousand tons, provide 
for an increase to about 40,000 tons by 1980 and to 75,000 
tons by 2000. 


For electric power generation, which will require both 
conventional fuels and uranium, the medium projections indi- 
cate an increase from 1.2 trillion kilowatt hours in 1965 to 
2.8 trilVien in-1980, and 6.) triiivon an) 2000F 


The projections of conventional fuels are expressed as 
requirements for coal, oil, or gas. Crude petroleum may not 
be the only source of oil in 2000; oil from coal, oil shale, 
and tar sands are all economic possibilities before the end 
of the century. Similarly, gas from coal could become a sub- 
stitute for natural gas. No projections have been made, how- 
ever, of the possible consumption of coal that might result 
from use for conversion to oil or gas. 
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Table 36. U.S. Consumption of Energy, by User 


1965 and Projected 1980 and 2000 








1965 


Item (Actual) 











Low 


a/ 


Conventional fuels= 


Residential and 


commercial....... 9 12 13 is! a2 13 3 
TNAUS EMAL. oceiaye a es 2 (ue) 2p 22 33 39 44 
Electric genera- 

MOL OM aiierecs.s «cole ails: oes ey 14 16 le 20 20 22 24 
Transportation.... 10 15 16 18 26 31 36 
Other net. cs Riya eG 10 alg 13 15 L7 22 29 

Motele.< toe bos 52 73 79 86 108 4125 146 
Gite a> tae 
Other Sources of En- 
ergy)/ 
Hydroelectic 

DOWD ts ose take as « 2 3 3 3 3 3 3 

Nuclear fuel...... neg. 9 9 9 22 25. 27 
Electricity’ Qe Trillion kw.—hrs. <--=------<=--- 
Residential and 

commercial....... OK 5 ees 1.4 1.4 2a 2.9 3 aul. 
SETICHNS toyed Lvede tenets neces 0.5 0.9 1.0 isa ES 20:1 2.4 
OER C Yierety eso ents) sterice On2 0.4 0.4 0.4 0.9 1.0 ial 

OC AL re reicts eas ctene ee 2.6 Pests PEE) 55 6.1 6.7 


a/ Oil, coal, and gas. 

b/ Generation of electric power from hydro and nuclear sources, 
converted at the average heat rate for cOnventional fuels. 

c/ Represents total generation of electricity from all sources. 


1965 data calculated and summarized from 17 sources. 
See Appendix tables. 


Source: 
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The greatest increase in the consumption of conven- 
tional fuels will occur in industrial markets. The medium 
projections indicate an increase of 225 percent in the use 
of such fuels between 1965 and 2000. Transportation require- 
ments will treble during the same period, but residential 
and commercial uses of these fuels are expected to increase 
by about 40 percent. Consumption of conventional fuels for 
electricity generation is estimated to double. 


All end uses of electricity will increase rapidly be- 
tween 1965 and 2000. Industrial demand is expected to quad- 
ruple, and residential and commercial consumption is expected 
to increase fivefold. 


Gas 


The medium projection for the consumption of gas in 
the United States provides for an increase from 16.3 trillion 
cubic feet in 1965 to 27.0 trillion in 1980, and to 42.2 tril- 
lion in 2000 (table 37). ty 


Two-thirds of the incremental demand will come from 
industry, which is estimated to increase its share of total 
gas consumption from one-fourth to one-half by 2000. Resi- 
dential and commercial consumption will increase about 56 
percent during this period, and consumption for electric pow- 
er generation 65 percent. ee. 


Overall, gas is expected to increase its share of the 
total market for conventional fuels from 33 percent in 1965 
to 35 percent in 2000. As indicated, much of the growth will 
be concentrated in the industrial market, where gas has con- 
siderable advantages as a fuel over either coal or oil. Con- 
venience of handling, cleanliness, lack of storage problems, 
and better heat control outweigh the higher cost of gas in 
Many cases. The use of gas for primary metals production and 
for petroleum refining is expected to quadruple by 2000, and 
"all other" manufacturing consumption, which accounts for 
over half the industrial market, is projected to increase 
from 3.0 trillion, cubic fecteinsk965 stoelo ssetrin tion in 
2000. 


In the more cost-sensitive large~volume markets for 
fuels, notably the electric utilities, gas is consumed pri- 
marily in the producing States. Present regulatory policies 
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(in billion cubic feet) 


U.S. Consumption of Natural Gas, by Use, 


1965 and Projected 1980 and 2000 


Table 37. 
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Consumption of Natural Gas Liquids 


by Use, 1965 and Projected 1980 and 2000 


U.S. 


Table 38. 


(in million barrels) 


1965 
(actual) 









1980 


63 66 


59 


Residential.:....... 
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664 734 


Bil) 


Transportation2/, 


26 44 


18 


Others +7 ee 


2PS3m) 2834 


1,462 





TOta Ie etaariceenee 


Motor fuel and natural gasoline. 


a 
b/ Agriculture. 





See Ap- 


1965 data calculated and summarized from 7 sources. 


pendix tables. 


° 
° 


Source 


great deal of research is being directed toward this process. 
No estimate of the possible consumption of gas produced from 
coal has been made in this study. 


Oil 


The medium projections of requirements for oil show an 
increase from 3.7 billion barrels in 1965 to 5.3 billion in 
1980, and to, 9.1 billion in= 2000 =(table 39): 


In 1965, 49 percent of all oil consumption was for 
transportation; by 2000, transportation's share of total oil 
consumption is projected to increase to 60 percent and to 
account for over two-thirds of incremental demand for oil. 


Increased consumption of oil will also occur in indus- 
try and among various miscellaneous uses, such as defense. 
Residential use of oil by 2000 is estimated to be half of the 
consumption in 1965, and consumption by electric utilities 
will also decline. 


Apart from transportation, where oil supplies about 90 
percent of the energy requirements and is projected to con- 
tinue to do so, the requirements for oil relative to other 
conventional fuels will decline. In the .industrial markets, 
where oil is expected to retain its competitive position 
most effectively, a decline from 21 percent in 1965 to 19 
percent in 2000 is projected. 


Disadvantages of oil compared with gas and electricity 
are most pronounced in the small-volume residential and com- 
mercial markets, where it is used primarily for spaceheating. 
For many people, lower operating costs for oil do not offset 
the greater convenience and lower installation costs of gas 
or electricity. As a result, the downward trend in oil's 
share .of these two markets is expected to continue. By 2000, 
oil is estimated to meet only 12 percent of the residential 
demand for fuels, compared with 30 percent in 1965. 


The use of residual fuel oil for electric power genera- 
tion is also projected to decline. Not only is less residual 
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+S. Consumption of Oil, by Use, 
1965 and Projected 1980 and 2000 
(in million barrels) 


U. 


Table 39. 


oil available from domestic production because of improved 
refining techniques, but import quotas on residual fuel oil 
limit its availability. Policies relating to the latter 
would have to change before there could be a substantial in- 
crease in the amount of residual oil used. 














man oe B & 
Ar Ww .« re 4° TR wo . 
q aN oe E % o Exports of petroleum products are expected to be neg- 
lic = ligible in 1980 and 2000. The projections have been made 
ies RN Meet ge ae aie: for oil, most of which will probably be supplied by petroleum 
=): gee tbe ot AN be ® s ' products. Extensive deposits of oil shale in the United 
> gr nee ty 0 | States and tar sands in Canada, together with oil from coal, 
a 4 ba 4 could, however, provide alternative sources. Production has 
ee ae pk oS jy Sof y 4 2 already begun from the tar sands and pilot plants are in op- 
+ © © Oo By Sy 1° Q2 D eration to develop the other sources. 
vt of & ot a 
ae Coal 
eget A GS Daag se | Tats 
ne] rt Oo Com | wv ) 4 n Ca G4 
Oo ro 8 3° ~ The medium projections of the consumption of coal in 
is . | the United States call for consumption to increase from 524 
5 ee ae Pes a aero QO, € = } million tons in 1965 to 773 million in 1980, and to 1,140 
ea ie Se No © on n 4 6 million in 2000 (table 40). 
d Orga ee. Bog E 
= Nn 4 Ww ¢ 
= Mi ene Pee. ae Bs . es Nearly three-fifths of the incremental consumption Oe 
8 nD w ot) oan Da. g coal from 1965 to 2000 will be for electricity generation. 
re © ate & as | More than 600 million tons is estimated to be consumed in 
= N ~ Ses felt) abs’ this market by 2000, over twice the amount used in 1965. 
a a Ls | ~m a © = = pel . . S ° 
q S = an ae 0 - id un Apart from exports, which are expected to increase 
= 5 we ee oe from 50 million tons in 1965 to 100 million in 2000, the rest 
a ve © og of the incremental demand for coal will occur primarily in 
: : : Sate . . ie esis p industrial uses, expanding from 171 to 395 million tons dur- 
i 5 a z ie : ae coe iC a ing the period. Three-fourths of the incremental industrial 
ie aia 1% | ai as.“ on ae os consumption will be metallurgical coal. Direct consumption 
: . : a : 5 : ‘ oe © S of coal S£or residential and commercial uses by 2000 will prob- 
Roe ee a at ae B. = 3 sy 2. ably be negligible. 
© a co Mme oO : h cna 2 «et 
“4 Lis) © . yp ° . ocd 
eh an eee el oes... Overall, coal is not expected to lose much of its 
= a ae i = a a) af See share of the total market for conventional fuels. This is 
“ E 2 29 5 Q 2 fi 4 due primarily to the projected improvement in its competitive 
g 8 s a» ae) ON 0 position in the market for electricity generation, where its 
e © Pale share of the conventional fuels will increase from 66 percent 
in 1965 to 77 percent in 2000. The long-distance transmis-— 
sion of power, large minemouth generating plants, and unit 
trains have improved the competitive position of coal in re- 
cent years, and are expected to continue to do so. 
Ao = 
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Table 40. U.S. Consumption of Coal, by 
Use, 1965 and Projected 1980 and 2000 


(in million tons) 


1980 
1965 













Use 


Residential........ 14 6 6 6 == -- == 
COMMER OL AL: oo 6e0s s tis 4 9 iui 4 8 11 
SAIQUS Ce dose eo os 171 248 263 271 352 396 458 
Electric genera- 
LOM greets ore:drei are ocean 273 380 425 439 575 636 714 
Exports...... Seeee Sre/ > = 70 70 70 ~—-100 100 100 
LO WeL oa alee e aie .eta.e 5242/ 708 Tate ala ay Oo 1,140 1,283 


a7 Includes railroads for 1965. No Puliigone consumption is projected 
after 1965, when it was 1 million tons. 5 ee 


A teas with an estimated pe eae of 512 million tons in 1965 


Source: 1965 data calculated and summarized from 13 sources. See 
Appendix tables. 
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Even though coal will also retain its importance as 
a fuel in primary metals production, its share of the market 
for other types of manufacturing will decline. Many of 
these industries are small-volume consumers of fuel and, as 
in the case of both the residential and commercial consumers, 
coal has serious disadvantages in these industries. 


The possibility of obtaining both gas and oil from 
coal before the end of the century has been discussed above. 
If this should become a reality, it would obviously create 
additional requirements for coal. Given the present state of 
technology, however, there is no real basis for estimating 
the magnitude of this market by 2000. 


Air pollution regulations are not expected to have 
any long-run impact on coal consumption, since the develop- 
ment of technology for the effective removal of pollutants 
appears almost certain. 


Uranium (U,0 ) 


a 


The medium projections of uranium requirements of the 
electric utility industry are 42,000 tons of uranium in 1980 
and 75,000 tons in 2000. The 1980 projection is essentially 
that of the Atomic Energy Commission (AEC), and is related to 
a projection of 145,000 mw of nuclear generating capacity by 
1980. Although the Atomic Energy Commission suggested a pos~ 
sible range in civilian nuclear capacity of 120,000 to 
170,000 mw in 1980 [5], 145,000 mw was considered the most 
likely level of capacity and was used for AEC projections of 
uranium requirements. All projections of generation from 
nuclear capacity presented in this report are based on the 
AEC projection of 145,000 mw. The low projection of vranium 
for 1980 assumes that plutonium recycling will be introduced 
around 1975, and the high projection assumes that plutonium 
recycling will not be introduced until after 1980. *§Produc- 
tion of uranium in 1965 was about 10,500 tons. 


The increase in the consumption of uranium results al- 
most entirely from the growth in nuclear generating capacity. 
Demand from the Government, for nuclear weapons, hitherto the 
major consumer, has leveled to about 8,000 tons per year and 
will under present plans terminate at the end of 1970. 


The AEC has not made estimates of uranium requirements 
after 1980. It is projected in this report, however, that 
about 3 trillion kilowatt hours will be supplied from nuclear 
power plants in 2000, requiring approximately 500,000 mw of 
nuclear capacity. The amount of uranium used to generate 
this power will depend primarily on the timing of the intro- 
duction of breeder reactors. 


In projecting low requirements for uranium in 2000 it 
was assumed that breeder reactors will be introduced in 
19853/ and that all additional Capacity after that date will 
be from breeder reactors. The medium projection assumed 
that breeders would be used only after 1990 and, for the high 
projection, it was assumed that no breeder reactors would 
be introduced before 2000. With the introduction of breeder 
reactors, the demand for new uranium will gradually diminish 
since the breeders reprocess spent fuel so that it can be 
used again. The resulting projections of U.S. consumption 
of uranium are shown in the tabulation below: 


Thousand 
tons 

1965 actual) =e: 10.5 
1980: 
DO Wists ges choile ate ist 40 
Meidaamin a crates ee 56 42 
Hiligiys ogersi-ie aoe cos 45 
2000: 
WOW cheuelens eisai sone 55) : 
Me GaNim's,c45-tvc on eleks 75 
HAGA nie ictee Susie usuens 100 


Exports of uranium are expected to be negligible. 


Electricity4/ 


The medium projections of the generation of electric 
power indicate an increase from 1.2 trillion kilowatt hours 


3/ There will be a few experimental breeder reactors in Oop- 
eration before 1985. 


4/ Thermal electricity generation has been included in the 
appropriate section of the fuel required to generate it. 
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in 1965 to 2.8 trillion in 1980, and to 6.1 trillion in 2000 
(table 41). 


Residential consumption of electricity is expected to 
increase by about 350 percent and commercial consumption by 
about 550 percent between 1965 and 2000. In addition to an 
increase in the number of consumers, rapid growth of consump- 
tion per consumer is also projected. This is primarily due 
to an increase in the number of electric appliances per con- 
sumer and to the substitution of electricity for the direct 
use of fuels, particularly for spaceheating. 


Consumption of electricity by industry is projected 
to increase from 457 to 2,132 billion kilowatt hours between 
1965 and 2000. Almost 80 percent of the increase is account- 
ed for by manufacturing (excluding primary metals and petrol- 
eum refining). Consumption of electricity for nonferrous 
metals production is projected to treble, from 58 to 181 bil- 
lion kilowatt hours, and consumption for the production of 
steel (including electric furnace steel) will increase from 
50 to 230 billion kilowatt hours between 1965 and 2000. 


The rapid growth in the industrial consumption of 
electricity is due to increasing output, particularly in 
large power-consuming industries; to the substitution of 
electricity for the direct use of fuel; and to more power- 
intensive processing in some industries. 


In 1965, approximately 17 percent of the total elec- 
tricity generated was provided by hydro plants; by 1980, 
hydro's share of the total will have been reduced to 1l per- 
cent, and in 2000, to about 5 percent (table 42). 


One of the most significant recent developments in the 
power industry has been the rapid acceptance of nuclear pow- 
er plants. Although generation from nuclear plants contri- 
buted less than one-half percent of the total generation in 
1965, since 1963 over 58,000 mw of Capacity has been ordered, 
mostly for installation by the early 1970's. Based on the 
145,000-MW AEC projection, an additional 85,000 MW will go 
into operation between about 1973 and 1980 -- pernavs 12,000 
to 14,000 MW per year. Since over 16,000 MW has already 
been scheduled for 1972 and for 1973, the AEC projection does 
not indicate any acceleration in the rate at which nuclear 
plants will be added. Also based on AEC projections, 
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Table 41. U.S. Consumption of Electricity, by Use, 
1965 and Projected 1980 and 2000 


& (in billion kilowatt hours) 









1980 















Lu Residential....... . 288 670 681 692 1,204 e273 eg 
< } 
a Connie Oe elon ea 246 666 680 686, 1,556 15 :643 "11,763 
Tndustrial...0% 00+ 457 898 Tole 050 2.2 7 69 2,132 2,429 
oO 
Other?/ nests BS cal siesene 166 409 428 442 934 1089 mel si 
TOCA Wee ciete 4 Bye creer isd) 2643 2,780 2,870 5,463 6,087 6,688 
a/ includes other nonindustrial. 
b/ Losses and miscellaneous uses. 
Source: 1965 data calculated and summarized from 13 sources. See 
Appendix tables. 
Table 42. Generation of Electricity, by Source, 
1965 and Projected 1980 and 2000 
(in trillion kilowatt hours) 
1980 
patel 
beh ge 0.30 
ny 
a 0.89 
ri 


1.44 1.58 Teo je, 2.32 2.68 PAST) 
1.03 lee dl 1190 284 2207 2228 
0.35 0.38 0.40 0.48 0.54 O59 
0.07 0.08 0.08 0.07 0.08 0.09 


2.64 2.78 2587 5546 6.09 6.69 


a/ Negligible. 


Source: 1965 data from [7, 10, 16). 


projections ranging from 450,000 MW to 550,000 MW were made 
for 2000. 


If the projected amount of nuclear capacity operates 
at about 70-percent load factor, approximately one-third of 
the generation requirements will be supplied by nuclear pow- 
er in 1980 and one-half in 2000. ‘The remainder of the power 
requirements will be generated by coal, ofl, and gas, unless 
electricity from fuel cells, magneto-hydrodynamics (MHD), or 
some other new technology becomes economical. There is no 
basis at the present time for making estimates of the genera- 
tion from such sources, since they are still in experimental 
phases of development. 


Regional Projections of Electric Power Generation 


Projections of regional electricity generation require- 
ments are based on population projections and estimates of 
the per capita consumption of power in 1980 and 2000. It was 
assumed that the disparities in per capita consumption of 
electricity between the regions will be reduced between 1965 
and 2000. 


Historically, per capita consumption of power in a 
number of States, notably in the Pacific Northwest, has been 
much higher than the national average. This has been pri- 
marily due to the availability of inexpensive hydroelectic 
power, which both attracted large power-consuming industries 
and encouraged the use of electric power rather than conven- 
tional fuels for many residential and commerical energy re- 
quirements. Future per Capita growth in these States is pro- 
jected to be much slower in the future than in the past. Ad- 
ditional hydro sites are limited and large power-consuming 
industries are tending not to move to these States unless 
there are other locational advantages. 


By contrast, per capita consumption in the Northeast, 
which has been below the national average in the past, is ex- 
pected to grow more rapidly in the future. Historically, 
electricity has not been used extensively for spaceheat in 
the Northeast and industries in the Northeast have been on 
the whole, small consumers of power. However, pollution 
problems, the greater convenience of electricity, and a con- 
tinued decrease in the difference in cost of electricity 
relative to fuels are expected to result in a much greater 
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use of electric power per capita in the Northeast between 
1965 and 2000. 


Thus, the most rapid growth in electricity generation 
is projected for the Northeast, where the relatively slow 
population growth is offset by an increase in per capita con- 
sumption from 37 percent below the national average in 1965 
to only 5 percent in 2000, Per capita consumption in the 
Far West and the South, both well above the national average 
in 1965, is projected to grow at about the same rate as the 
national average, but because of the more rapid population 
increase in the Far West, generation requirements are expect- 
ed to increase at a faster rate than in the South. A rate 
of population increase similar to that in the Northeast, but 
a slower rate of increase in per capita consumption, will re- 
sult in smaller percentage increases in electricity genera- 
tion in the North Central States than in either the Northeast 
or Far West. 


In the Far West, California accounts for the largest 
share of the region's electricity generation, and this share 
is projected to increase between 1965 and 2000 SScn result 
of rapid population growth and a large increase in per capita 
consumption. Generation requirements in other western States, 
such as Washington and Oregon, which have had very high per 
capita consumption in the past, are projected to increase 
much less rapidly in the future (table 43). 
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1980 and 2000 
(in billion kilowatt hours) 





Generation of Electricity, by Region, 1965 and Projected 


Table 43. 
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CHAPTER VII 
LUMBER, PANEL, AND WOODPULP PRODUCTS 


This chapter provides projections of the consumption 
of softwood and hardwood lumber products, veneer and plywood 
products, and woodpulp products in the United States in 1980 
and 2000. Included are total apparent consumption, exports, 
and the estimated domestic production of timber expressed in 
roundwood equivalents. 


For the most part, recent analyses by the U.S. Forest 
Service have been used as a basis for the development of new 
projections [3, 4]. The statistics employed in the Forest 
Service studies have been updated or revised in accord with 
recent findings, the procedures used have been modified where 
necessary, and the assumptions have been evaluated and ad- 
justed to agree with the projections of economic aggregates 
presented in Chapter II. 


The Forest Service analyses rest on fundamental assump- 
tions about population, the number of households, the size of 
the gross national product and of disposable personal income, 
and the relative prices of timber products. These assumptions 
have been adjusted and revised to conform with the projections 
of aggregates provided in other parts of this study. The pop- 
ulation estimates presented in Chapter II are lower than the 
Forest Service estimates, whereas the range of estimates of 
GNP used in this study is consistently higher than the GNP 
estimates of the Forest Service. 


The Forest Service study assumes that future relative 
prices of timber products will be more or less constant (i.e., 
with respect to competing materials), and that price-induced 
substitution of other materials will be limited. This assump- 
tion depends in large part on assumptions that stumpage sup- 
plies will be sufficient throughout the projection period to 
keep prices from rising relative to other goods as demand in- 
creases, and that technological progress in the forest indus- 
tries will keep pace with that in industries producing com- 
peting materials. The Forest Service makes no general assump- 
tion about the impact of nonprice factors, although it 
recognizes such factors in the discussion regarding kindred 
products. 
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In the present study, it is assumed that price-induced 
substitutions are generally reflected in the 1948-65 trends, 
and that the extension of these trends implies a continuation 
of past rates of substitutions. Given the past trends, it is 
expected that price-induced substitutions will be less impor- 
tant in the future for plywood and veneer than for lumber, and 
least important for woodpulp products. Technological changes, 
particularly in relation to construction methods, will prob- 
ably reduce the demand for lumber and, to a lesser extent, 
for plywood. Also, prefabrication, steel frames, and concrete 
foundations and walls will become increasingly important in 
the future. 


The medium projection of timber consumption in the 
United States in 1980 is 18.9 billion cubic feet of round- 
wood, and 23.8 billion cubic feet in 2000. This compares 
with an estimated consumption of 13.5 billion cubic feet in 
1962 (table 44). 


The consumption of woodpulp products is projected to 
increase by 250 percent between 1962 and 2000, and to account 
for over 80 percent of the incremental demand for timber. 
Veneer and plywood products are projected to treble in out- 
put, but the consumption of lumber products is expected to 
increase by only 5 percent during the same period. 


In 1962, net imports of timber were 1.5 billion cubic 
feet of roundwood, or 11 percent of all timber consumed. By 
1980, net imports are projected to increase to 1.8 billion 
cubic feet, and by 2000, to 2.8 billion cubic feet. Even in 
2000, therefore, over 89 percent of timber consumption will 
come from domestic resources. The bulk of the increase in 
imports is expected to be products derived from pulpwood. 


The relative importance of hardwood and softwood is 
also expected to change. In 1962, 80 percent of domestic 
timber consumed was softwood (excluding "other" consumption) . 
Hardwoods are projected to account for 35 percent of domestic 
production in 1980, and 30 percent in 2000, excluding "other" 
consumption (table 45). Most of the additional hardwood 
used will be for pulpwood production. 


In 1965, 632 million cubic feet of wood products were 
exported from the United States, compared with 134 million 
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Table 44. Domestic Consumption Of Timber 
in the United States, 1962 and Projected 
1980 and 2000 


(billion cubic feet, roundwood equivalent) 


1980 2000 
ae ee ee ee 







Timber product 
(Actual) 








| Lumber......... 5.9 Gnome sGrs 6e7 ey eS 
| Softwood...... 4272/5 -O7 Se 2 5a 477 "5% 
Hardwood...... 1 hoo aie 1.3 0.92 tee 
| Veneer and plywood} 1.0 1.9 2.0 2h 2.2 3.1 
_ Softwood...... O89e4 on \eSDINS 1.8 A Oads ong 
Hardwood...... Ota /eenT 12> Oe2 0-3 Ot Oe 4 
Wood pulp...... 4.1 9.0 2685 9 sata Dae alee 
Softwood...... VR baie! Wee or eR eF Shes TS LE: 
Hardwood...... Wee See cme es: 3.0 £22 4.6 
| Oother®/.. 2.0.6: pets io = res 1.9 Lae Pies 
Softwood...... 0595 20 Seo O27 0:5 -c0ES 
Hardwood...... 62! nS pS By: 0.9 0.9 

Pokal = ee. ak 13-5 F830 19.9 23. 
PSOmtw OOGne aire 9.4 12.8 Alig Sasa Di slans) 9 a 57 
Hardwood... <2 Chek Ne Sys) 6.8 Gees Fad 


a/ Estimated. 
b/ Fuel wood and miscellaneous industrial uses. 


Source: 1962 data from [3]. 


-163- 









Table 45. Domestic Production of Softwood and 
Hardwood, 1962 and Projected 1980 and 2000 


(billion cubic feet of roundwood) 


1980 







Timber product 
(Actual) 





Lumber 


SOPEWOOG. «3 oe o 
Hardwood...... 


Veneer and plywood 


Softwood...... 0.71 1.40 L590 1.60 1.60 

Hardwood...... 0.15 0.20 0.20 0.20 0.20 
Woodpulp 

Softwood...... 2.61 4.80 oe Ho 5.50") 6% 30 

Hardwood...... 0.68 2.30 PX SX) 2's 709" 4.20 
other?/ 


Softwood...... 
Hardwood...... 


Total 


BOLEWOOO. wicca: R020 ot. 30) 2.00 822 70F Lie s0 
Hardwoods... .«. 3.88 4.90 Spo Yt] Bri SUI 61. L0 


a/ Fuel wood and miscellaneous industrial uses. 


Source: 1962 data from [3]. 
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2000 


14.20 
6.80 









in 1950. Logs, lumber, and, increasingly, pulp have made up 
the bulk of the exports in recent years. Softwood accounted 
for 80 percent of the total. About four-fifths of the logs 
and one-third of the lumber were exported to the Far East. 
Most paper and board was sent to Western Europe, together 
with one-third of the lumber. 


The recent rapid rate of growth in exports is not ex- 
pected to continue. Exports are projected to range between 
1.0 and 1.2 billion cubic feet in 1980, and between 1.5 and 
2.0 billion cubic feet in 2000 (table 46). The Far East re- 
ceives a large share of the exports. However, overcapacity 
of U.S. plants has stimulated the export of paper and board 
to Europe and Latin America in recent years, and it is pos- 
sible that further inroads may be made into these markets, 
which are expanding rapidly. Lumber exports are projected to 
increase, but more slowly than woodpulp products. 


Consumption of Lumber and Panel Products 


The consumption of lumber, veneer, and plywood was pro- 
jected by reviewing the outlook for each of the various major 
end products in which these commodities are used, and calcu- 
lating the quantities which will be required to meet expected 
levels of consumption. Regression equations based on the 
historic data on timber consumption and general economic indi- 
cators were considered to be an inadequate basis for produc- 
tion since changes in consumer habits and the innovational 
changes among competing products are expected in some import 
tant uses over the next 50 years. 


The major end-product groups reviewed were construc 
tion, manufactured products, shipping and handling materials, 
and a miscellaneous category which represents a relatively 
minor residual of products (table 47). 


Construction 


In considering the consumption of lumber and panel 
products for construction purposes, there are six kinds of 
use which are different enough to warrant special treatment. 
By far the most important, in respect to lumber use,-is resiz= 
dertial construction. The others uses are nonresidential 
construction, upkeep and improvements, farm structures, rail- 
road building and repair, and mining. 
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Table 46. Exports of Wood Products, 1965 and 
Projected 1980 and 2000 


(in billion cubic feet) 

















1980 2000 
Timber product 1965 
Puree atone Oran ers O2357 0249 0.54 0.58 0.71 0.83 0295 
SOLREWOO. = ersyeis «tees Os31 0543 0.48 0.5L 0.63 0:73 0.84 
Hardwood) is geste 0.04 0.06 0.06 0.07 0.08 0.10 Ont 


Veneer and plywood 


SOPtwoogr va. «ores a/ 

Hardwood fcs-c.6 eters 0} 201, 0102: 0.01 0.02 0.02 0.02 0.02 
Palpwoodwe tiers. «sper ON 27.5 0.250 055 0.60 On 77 0.90 .03 
SoGftwoOoGs a ae i. cise On024) 0.337 0.41 0.44 0.57 0.67 0.76 
Hardwood..... ee O207 - 0723 0.14 0.16 0.20 Oe23 0.27 
TOC AL cis ceieomiels xaos 0.63 2.00 1 10 1.20 1350 is75 2.00 
SOLtCWOOGE cerns sa ste asl OF80 0.89 0.95 1320 1.40 1.60 
HardwOOds sa s.< «eters O12 0420 OF2I 0225 0.30 O35 0.40 


a/ Negligible 


Source: 1965 data from [1]. 
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Table 47. Consumption of Lumber, Veneer, and Plywood in the United States 
by End Use, 1962 and Projected 1980 and 2000 


(billion board feet) 


Lumber Veneer and plywood 
End Use 1262 1980 i}. 200n ae 1962 1980 2000 
Low | Medium Actual) |Low High | Low | Medium] High 
Construction 
Residential...... Ts a36 Lae 15.9 ig.4> 10-0 E323 ay Se 4.17 6.9 7.4 7.6 8.0 i Se 1g 
Nonresidential... 5.00 620 6.5 Heo 4.6 6.2 6.4 2280 538 6.2 6.4 Fed 30,1 10.7 
Upkeep & improve- 
mentS-.--+-+ecseres 5.40 Byes) 622 6.4 4.8 5-5 Grek 0 32 3.4 HAS) 3.4 4.8 Sse! 
SRA UENC G5 ob coe Oe viele) Om i 9 heO O25 OF OQ. 7 Ose2u 0.4 0.4 0.4 0.4 0.6 O56 
Railroads...-+-++--. 0.94 ese Pe 2 Teese DSS: eZ 5 a4 (Qu atO)s) O..1 6 Ye © 1 O28 0.1 O.1 
Mining s cic.c.e0.6 5 == 235 0.3 Or. 3 0.4 0.3 0.4 0.4 = = “ = = = = 
Manufactured products 4.24 4.4 4.6 4.7 Siew) 4S D ah eed Doe 3.4 325 Be: Si 5.6 
Shivoing & handlin 
aD Ss 4.1. Sve Sit bee Lod. 138 pe) 1.6 222 PE: 


MaLewsia Sink cnele = « : 4 Be 


Misc. & residual.. 





IUS ERs GS BG Oo 3/220 4202 42.2 43.7 29.7% 40.0 41.3 D2 O2e eZ ZeS 24.4 25.42 26.4 
Scftwood.---- 2960 5 BAe Bile h 34.8 2328: 32-0 3330 = RSE se VES 8) 21.6 ozo 23.6 33.0 3.5 
Hardwood...--- 7.45 Sere ses shod 6.0 8.0 (Sie 3 2510 2.8 2:8 228 2.8 4.5 4.5 


ee 


Source: 1962 data from [3]. 
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Residential Construction 


The consumption of lumber and panel products in resi- 
dential construction depends on the number of new dwelling 
units, the number of replacements, and the amount of wood 
used per type of new dwelling unit or replacement. 


The total number of dwelling units in 1980 and 2000 

was estimated by assuming that each household would occupy a 
dwelling unit and that 10 percent of all units would be va- 
cant. The number of new dwelling units was derived by assum- 
ing that the average annual rate of increase of new dwelling 
units would be constant from 1960 to 1980 and 1980 to 2000, 
and the estimates for replacements were based on those used 
in Timber Trends [3]. The projected composition of housing 
units (single- or multifamily units) was based on an extra- 
polation of recent trends. 


The amount of lumber consumed per dwelling unit con- 
structed has been declining in recent years. This downward 
trend is expected to continue, due primarily to substitution 
of plywood and nonlumber products in dwelling units. By 
2000, dwelling units may be constructed by methods that dif- 
fer greatly from those used today. The Timber Trends esti- 
mate for 1980 has been used in this report, but a somewhat 
smaller amount of lumber per unit has been estimated for 
2000. It is expected, for example, that prefabrication of 
both single- and multifamily homes will reduce the demand 
for lumber for framing and other uses. Concrete foundations, 
walls and panels; steel frames; and plywood for sheathing and 
other nonstructural uses have reduced the demand for lumber 


per unit. The use of veneer and plywood per dwelling unit has 


been increasing and is expected to continue to show an upward 
trend until 2000. 


The medium projections of lumber used for residential 
construction in 1980 and 2000 are 15.9 and 13.5 billion board 
feet, respectively. The most likely level of consumption of 
veneer and plywood is projected to be 7.4 billion square feet 
in 1980 and 11.3 billion in 2000 (table 47). 


Nonresidential Construction 


Nonresidential construction includes industrial, com- 
mercial, and other buildings, as well as public utilities, 
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highways, military facilities, and sewer and water facilities. 
The only common measure of such activity for which historical 
data are available is total dollar expenditures by construc- 
tion class. The procedure used in Timber Trends has been fol- 
lowed here. First, an estimate was made of the dollar value 
(1961 dollars) of new nonresidential construction in 1980 and 
2000. Second, the quantities of lumber, veneer, and plywood 
used per dollar of construction expenditure were estimated 

for 1980 and 2000. 


The estimates of expenditures for new nonresidential 
construction in 1980 and 2000 were based partly on extrapola- 
tions of recent data and partly on the estimates of GNP and 
population in Chapter II of this study. 


The decline in the consumption of lumber per dollar 
expenditure is projected to continue. The Forest Service es- 
timate for 1980 has been used, but a somewhat lower figure is 
projected for 2000. The price induced substitution of non- 
lumber products and plywood for lumber is expected to take 
place at a more rapid rate than was assumed in Timber Trends 
[sie The use of plywood and veneer per dollar of expendi- 
ture for nonresidential “construction has been increasing in 
recent years, and is projected to continue to do so. 


The medium projection of lumber to be consumed in’ non- 
residential construction in 1980 is 6.3 billion board feet. 
The medium projection for 2000 is 6.2 billion board feet. In 
contrast, the medium projections for veneer and plywoods re- 
flect expectations of large increases in the use of panel 
products. The most likely estimates of veneer and plywood 
consumption are 6.2 billion square feet in 1980 and 10.1 bil- 
lion in 2000 (table 47). 


Upkeep and Improvements 


Included in this sector are all uses of wood for repair 
and upkeep of residential and nonresidential structures (ex- 
cluding farms and railroads). Although the total inventory 
of structures will increase, the emphasis on replacement, 
rather than repair, and the substitution of nonlumber products 
and plywood will limit consumption of lumber for this use in 
the future. 
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Displacement of lumber by plywood and new plywood pro- 
ducts that can compete effectively with plastics are expected 
to result in a substantial increase in the consumption of ply- 
wood and veneer for repairs. 


The medium projections of lumber and panel products 
for these uses in 1980 are 6.2 billion board feet of lumber 
and 3.4 billion square feet of veneer and plywood. The pro- 
jections for 2000 are 6.5 billion board feet of lumber and 
4.8 billion square feet of panel products (table 47). 


Farm Structures 


The quantity of wood used in nonresidential farm build- 
ing is projected to decline between 1962 and 2000. The 
Forest Service projected an increase in construction expendi- 
tures, but since 1961 there has been a steady decline in the 


‘amount spent, and this downward trend has been projected to 


continue. 


As in other sectors, the amount of lumber used per dol- 
lar of expenditure will also decline because of substitution 
and changes in construction techniques. A considerable in- 
crease is projected for the use of veneer and plywood per dol- 
lar of expenditure, however. The medium projection of lumber 
used for farm structures in 1980 is 1 billion board feet, and 
for panel products, 0.4 billion square feet. The projections 
for 2000 are 0.7 billion board feet and 0.6 billion square 
feet, respectively (table 47). 


Railroad Building and Repair 


Crossties and the construction and repair of railroad 
cars are the leading consumers of lumber and plywood in this 
category. The decline in rail mileage of recent years and 
the current rate of replacement of crossties is expected to 
continue in the future. Annual consumption of lumber in both 
1980 and 2000 was projected by the Forest Service at fs 7 95s ee 
lion board feet of lumber, and at 0.1 million square feet of 
plywood and veneer, and these projections have been used in 
this study. All of the projected consumption of plywood and 
veneer will be used in railroad cars, together with about 
one-sixth of the lumber. i 
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Mining 


The use of lumber in mines has been declining steadily 
but is projected by the Forest Service to remain at the 1962 
level of 330 million board feet in 2000. These projections 
have been used as the medium projections in this report 
(table 47). More than double the output of coal by 2000 and 
increases in the production of underground ores are expected 
to offset further declines in the uses of wood per ton of 
output. 


Manufactured Products 


Manufactured products ranging from furniture and other 
consumer goods to industrial machinery are included in this 
category. The Forest Service projection for 1980 of 4/6. bil=- 
lion board feet of lumber has been used as the medium projec— 
tion in this report. By 2000, however, lower unit consump- 
tion of lumber is expected to result in total lumber consump- 
tion of 4.9 billion board feet, somewhat less than that 
predicted in Timber Trends. Recent data indicate that whereas 
industrial production is increasing more rapidly than was pro- 
jected by the Forest Service, unit consumption of lumber is 
decreasing at a faster rate because of increases use of panel 
products and nonlumber products such as plastics. 


As in most other sectors, the use of plywood and veneer 
in manufactured products is projected to increase more rapidly 
than was estimated in Timber Trends. The medium projections 
for the use of plywood and veneer in 1980 and 2000 are 1.9 and 
5.3 billion square feet, respectively (table 47). 


Shipping and Materials Handling 


There are three major uses of lumber, veneer, and ply- 
wood in shipping and materials handling: dunnage, pallets, 
and boxes and crates. 


Dunnage is wood, mostly lumber, used to brace and pro- 
tect items in transit. A reduction in the use of dunnage in 
the future, due to more efficient use of materials for pack- 
aging and developments in materials-handling methods, will be 
offset by the increase in shipments. The Forest Service 
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estimates of 1 billion board feet in 1980 and 1.1 billion 
in 2000 have been used. These compare with an estimated 
consumption of 840 million board feet in 1962. 


The use of pallets for shipping has increased rapidly 
in recent years at the expense of boxes and crates. This 
trend is expected to continue in the future, as palletized 
systems of handling products replace other storage and handl- 
ing methods. In 1980 the consumption of lumber for pallets 
is projected to reach 3.5 billion board feet, compared with 
1.7 billion board feet estimated for 1962. By 2000, consump- 
tion is projected at 3.8 billion cubic feet. These projec- 
tions are somewhat higher than those of the Forest Service 
because of the more rapid rate of substitution for boxes and 
crates expected, and the higher GNP used in this study. 


Boxes and crates have consumed a decreasing amount of 
lumber in recent years and this downward trend is expected to 
continue. Compared with an estimated consumption of 1.8 bil- 
lion board feet of lumber in 1962, boxes and crates are pro- 
jected to use only 1 billion in 1980 and 700 million in 2000. 


The most likely projection of lumber used for shipping 
is 5.5 billion board feet in both 1980 and 2000. Plywood and 


veneer, which account for only about one-fifth of the consump- 


tion of wood for shipping, are not projected to increase sig- 
nificantly. The use of these products for shipping is pro- 
jected to be 1.8 billion square feet in 1980 and 2.2 billion 
in 2000 (table 47). 


Miscellaneous and Residual Uses 


Consumption of lumber in this sector has been project- 
ed to remain at the 1962 level of 1.1 billion board feet in 


both 1980 and 2000. The use of plywood and veneer is project- 


ed to increase from 200 million square feet in 1962 to 1.7 
billion in 1980 and 2.1 billion in 2000 (table 47). 


Consumption of Woodpulp Products 


The medium projection of the consumption of woodpulp 
products indicates an increase from 4.8 billion cubic feet of 
roundwood in 1965 to 8.5 billion in 1980 and 13.1 billion in 
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2000. Net imports provided 16 percent of the woodpulp pro- 
ducts required in 1965, but their share is projected to de- 
cline to 12 percent by 2000 (table 48). 


With improvements in pulping processes, the manufac- 
ture of pulp from hardwood has become increasingly important. 
In 1965 about 30 percent of the pulpwood consumed in U.S. 
mills was hardwood. By 1980, nearly half the pulpwood con- 
sumption is projected to be supplied from hardwood, and in 
2000, almost two-thirds will be hardwood. 


Determinants of Pulpwood Consumption 


The consumption of woodpulp products is determined 
by (1) the demand for paper and board and other products 
consuming woodpulp;1/ (2) the total amount of fibrous ma-: 
terial required to produce the paper and board requirements 
and the proportion of this total that comes from woodpulp, 
waste paper, or any other fiber; and (3) the requirements 
for different types of woodpulp and the amount of pulpwood 
consumed in the processing of each: type of woodpulp. 


Paper and Board Consumption 


Consumption of paper and board has increased rapidly 
in recent years, and the Timber Trends projections for 1970 
were passed by 1966 for almost every type of product. More 
recent projections by the Forest Service [4] for 1970-85 
show much higher rates of consumption. These projections 
were derived from regression equations that related trends 
in per capita consumption for each type of paper and board 
to an independent variable, such as GNP, disposable personal 
income, and the FRB index of industrial production. The 
Forest Service projections have been used as the basis for 
the projections of paper and board in 1980 in this report, 
adjusted to take account of a higher GNP and disposable 
personal income (table 49). The trends indicated by the 
Forest Service have also been extrapolated and used as a 
basis for the projections of consumption in 2000. 


The consumption of board is projected to increase 
more rapidly than paper due to the increasing use of container 


I7 There is small consumption of woodpulp for highly refined 
products, such as cellophane and other fibers. 
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Table 48. Consumption of Woodpulp Products, 
1965 and Projected 1980 and 2000 


(in billion cubic feet) 

















1980 2000 
Item 1965 j ° Fi E 

Production in 

U.S. miller. « roe tas pts es hee 8.2 6.9) ) Aes ede 

Saftwosdwtics. ¥.92/4,.8° $Me hss 6.5. ioe ea 

Hardwood..... 1. 28/ ©2.3 2.5 2.9 a2 a5 5.0 
Net imports.... 0.8 0.9 0.9 1.0 18s 16 1.8 

Softwood... a.< 0.72/09 016 » 0.6) 2046 1,0. olen ho 

Hardwood..... 0.18/ 0.3 0.3 0.4 0.5 0.5 0.6 
Wotalen: c.. Pubs 4. 81% = 8.0 8.5 9.2 42-0 “13.8 7°'24.5 

dattwood: ath. gigB/ te’, 4 . 415 Tam & Get %. 3 (ee 8 a BS 

Hardwood..... 1.38/ 2.6 2.8 cpg 4.7 5.0 5.6 


a/ Estimated. 


Source: 1965 data from [4]... 





Table 49. Consumption of Paper and Board, 
1965 and Projected 1980 and 2000 


(Million tons) 


1980 2000 
1965 Low | Medium! High| tow | Medi High 
(Actual) 1g O' ealium 1g. 


42.9 47.0 49.6 68.2 HDi 79.4 


6 
4 12.1 LSa3 14.07 17.5 18.8 20.4 
0 9.1 10.0 10.7 16.4 17.6 9 a: 













Use 


Newsprint......- 
Book paper...... 
Coarse and 
industwval.... <% 
OENC Biseiets «0 e eletars 


cat 2) Ged 


25 -3 Fel eTess les Ay 13 ay 14.8 
ot 13.4 14.6 15.330 216 23.0 2 5 eke 


BOALEG. o-a: shes: aketapele’s 22.3 40.1 44.0 46.4 71.8 76.9 83.6 
Containers...... 11.3 esd 23.8 25 1 3 9R19 42.8 46.5 
Bending. >. «s+ tiers 5.4 9.5 10.5 LIOR) eis 18.8 20.4 
Othe yd. ani, . casera. 5.6 8.9 9 10.3 14.4 15.3 16.7 

TOA L ciate aiesarers 48.9 83.0 91.0 96.0 140.0 150.0 163.0 
Net imports. Dierk 9.4 9.6 10249 17.35 18.3 20.4 





Source: 1965 data from [4]. 
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board and, to a lesser extent, bending board. Newsprint is 
expected to remain the most important type of paper produced, 
but its share of the total paper production is projected to 









decline, and the shares of both book paper and tissues to ~ oe Us = 
increase (table. 49). Ay S a nS 
m q q 
Net imports in 1965 were 5.1 million tons and, accord- Fe | ie <a , 
ing to the medium projections, will increase to 9.6 million °o |-d ” a al 
tons in 1980 and 18.3 million tons in 2000 (table 49). Most = ns oH ah 
of these imports will be in the form of newsprint from Canada. = 
wn 4 
3 a + ww 
A little over 1 ton of fibrous material is required to | 4 S 
manufacture each ton of paper or board.2/ In 1965, 76 per 
cent of all fibrous material consumed for paper and board was c © © wu 
woodpulp from new wood. Waste paper supplied another 22 per- in on es 
cent, and the rest came from rags, straw, and other fibers. j = oo o oo 
The proportion of woodpulp used relative to waste paper has 
been increasing. This is in part due to a trend towards 5 
greater use of woodpulp in the manufacture of most kinds of di 
Paper and board and in part to the rapid growth of those ie 
sectors which use only woodpulp or very small quantities of = 


other material. In 1980 it is estimated that all but 18.5 
percent of the fibrous material will be from woodpulp, and 
all but 15 percent in 2000 (table 50). 


The amount of pulpwood consumed to supply the wood- | 
pulp requirements depends on the pulping process which, in 
turn, depends on the type of paper or board being manufac- 
tured. For example, sulfate pulps (three-fifths of the pulp 
Produced in 1965) consume about 1.5 cords of pulpwood for 


1980 and 2000 


1980 
1965. : 
(Actual) aa 






Fibrous Material and Woodpulp Consumed 


for Paper and Board, 1965 and Projected 


n 
. ° ae 
each ton of woodpulp produced. 4 5 . 9 ° 
SB °° oR oS 
. a te a Eo de 
The estimates for each type of pulp shown in table 51 an a . 
are based on the recent Forest Service estimates. Siege To ot 
ay rs) Que 0 
wo ca. Y-d 
In 1965, the average amount of pulpwood consumed to BH He ma 83 
produce a ton of woodpulp was 1.5 cords. The projections ae een 
for 1980 and 2000 are shown below: fa, = Ou 


27 Estimated at 1.05 tons of fibrous material for one ton 
Of paper and board in 1980 and 2000. 


Sui . ; Ed In 


} bi 


1965 data from [4]. 


Source: 








Consumption of Woodpulp by Type, 1965 
(million tons) 


and Projected 1980 and 2000 


Table 5l. 


Types of woodpulp 









Dissolving and 


special alpha...... 


SULECSs oo aa were opafatere 
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74.4 80.0 86.6 


47.0 


Sulfate and soda.... 


Groundagwood...2s..esss 


Swe 


16.8 


Semichemical........ 


Defibrated, exploded 


and screenings..... 


104, 1 TRE. 2121.2 


69.8 





TOtali tics s eee Sole 


1965 data from [4]. 


Source 





Pulpwood consumed per 


ton of woodpulp (cords) 








1980 

Low 1.475 
Medium 13 
High Teo2o 
2000 

Low 135 
Medium 12357 
High 1.4 


Improvements in processing techniques are expected to 
result in a slight decline in the amount of pulpwood consumed 
per ton of woodpulp produced. 


Exports of Wood Products 


Exports of wood products (logs; pulpwood; the round- 
wood equivalents of lumber, veneer, and plywood; and pulp 
and paper) are particularly difficult to forecast. Export 
markets are influenced strongly by political as well as by 
economic considerations. Moreover, some of the economic 
issues are of a sort which are neither important nor common 
in national markets. For example, unpredictable variations 
in international rates of exchange, complications peculiar to 
ocean-borne shipping, and tariff regulations create uncommon 
variations. National policies with regard to support for the 
underdeveloped countries sometimes run counter to the inter- 
ests of industries seeking protection against competition 
from foreign commodities. Other policies to build local in- 
dustry may, in some cases, delay development of exports. 
This last situation is exemplified by the timber of Alaska, 
which cannot be shipped without some processing. 


Consequently, forecasts must be strongly qualified. 
The evaluation which follows will serve primarily to point 
up recent trends and to illuminate a few of the major forces 
which currently seem to be affecting these trends. 


In general, pulpwood, veneer, and plywood exports have 
been small during the period studied. Logs, lumber, pulp, 
and to an increasing extent, paper and board, have made up 
the bulk of the exports. Softwoods continue to represent 
more than three-fourths of the total. 


-179- 


estimates, are for 1,000 to 1,200 million cubic feet of ex- 


The big increases in recent years have been in exports | ports in 1980, and 1,500 to 2,000 eesacecaat ahame NE eee 
of logs and pulp. They currently represent about three-fifths (table 46). The export market sn) pea os a ate 
of all exports. Much of this semiprocessed wood (four-fifths evenly between lumber products and woodpulp p : 


of the logs and one-third of the pulp) goes to the Far East. 
In contrast, the bulk of the paper and board and about one- 
third of the lumber currently go to Western Europe and Latin 
America. Recent trends may be interpreted as follows: 


(1) Lumber exports appear to be guided by a philosophy 
of "maintenance of established markets," leading to low growth 
rates, and with little chance for great fluctuations in year- 
to-year sales because of the diverse lumber markets. 


(2) For veneer and Plywood, the prospects for rapid 
growth of exports’ seem limited by the local supply situation 
in the United States and the adequacy of raw materials in 
Many parts of the world, by the relatively low investment 
needed to establish the industry and by its relatively high 
utilization of labor. 


(3) Paper and board, particularly container board, 
find markets in the advanced economies of Western European 
‘countries and in the emerging areas in Latin America. In 
part, recent export trends are a result of tendency toward 
Overcapacity in U.S. industry, but these markets tend to be 
retained, and as the industry learns to trade abroad and ex- 
Ppands its interests in the export field, prospects for more - 
substantial export trade increase. 


(4) The log and pulp markets, both because they are 
highly concentrated as to destination and because they raise 
the additional question of relative advantage or disadvantage 
of exporting unprocessed or only partly processed materials, 
tend to be somewhat more volatile than other markets. Be- 
cause of the relative importance of log and pulp markets in 
the wood export field, prospects for their development will 
greatly influence the total export picture. 


If present trends continue, total exports would approx- 
imate 2 billion cubic feet by 1980, compared with 700 million 
cubic feet in 1966, and would represent 30 to 40 percent of 
domestic log production by the end of the century. Considera- 
tion of the trends for individual commodity groups and the 
tendencies for development noted above, however, indicate that 
extrapolations of the current trend yields levels are unreal- 
istically high. The Prospects, based on individual trend | 
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CHAPTER VIII 
OUTDOOR RECREATION 


The demand for outdoor recreation is considered in 
terms of visits to Federal recreation lands and State parks, 
outdoor recreation participation occasions, and fishing and 
hunting licenses. Whenever possible, projections of outdoor 
recreation activity were based on the trends observed between 
1948 to 1965. 


In 1965, for the first time in this century more land 
was reserved for open-space recreation than for building pur- 
poses. This reservation of land is a reflection of the demand 
for recreation which, in turn, is a function of the growth of 
the Nation's population, the rising standard of living, great- 
er per capita disposable personal income, increasing amounts 
of leisure time, increasing metro-urbanization, an increasing- 
ly mobile population, and new and changing concepts of the 
role of recreation and its institutions. 


The measure of the demand for outdoor recreation on 
Federal and State lands used in this study was the number of 
visits per 100 population. No attempt was made to forecast 
the additional acreage needed to serve the future demand for 
outdoor recreation facilities, nor were specific problems of 
administration and development of public recreation areas by 
public agencies considered. Whether roads into virgin areas, 
such as in the Great Smokey Mountain National Park, will be 
constructed to accommodate the growing demand, or whether 
these areas will remain in their present state of development, 
is a public policy matter. No attempt was made in this study 
to anticipate such policy decisions. 


Visits to four classes of Federal lands in the contigu- 
ous United States were projected: national parks, other areas 
administered by the National Park Service (e.g., historical 
sites, seashores, monuments, etc.), national forests, and wild- 
life refuges. It should be noted, however, that the four 
classes of land considered accounted for less than 50 percent 
of the Federal recreation attendance in both 1960 and 1965. 
Other Federal lands with recreational activities include areas 
administered by the Army Corps of Engineers and the Tennessee 
Valley Authority (table 52). It would be misleading, there- 
fore, to assume that increased visits to these four classes 
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Table 52. Visits to Federal Recreation Areas in 
the United States, by Agency, 1960 and 1965 


1960 1965 














TOtaT, iets os epereEnicists 


National Park 
Service....... 
Bureau of 
Sport Fish- 
eries and 
Wildlife...... 
Bureau of 
Land Mgt...... 
Bureau of 
Reclamation... 
Forest 
SCrviCe. ce aewe 
Army Corps of 
Engineers..... 
Tennessee 
Valley 
Authority..... 


Other?’ ..25.... 


27 
28 


a/ Army, Navy, and Air Force. 


Source: U.S. Bureau of Outdoor Recreation, unpublished data. 
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Percent 
increase 


Number Number 
(millions)| Percent | (millions)]| Percent] 1960-65 


56 


68 


19 
59 
50 
73 
55 


17 
40 





of land will account for all of the recreational activities 
on Federal lands in the future. The projections imply in- 

creased supply of facilities in response to demand, without 
attempting to prejudge Federal actions in the future, Les, 
future visits have been projected, not predicted. 


Definitions 


In 1964, the President's Advisory Council on Recrea- 
tion and Natural Beauty directed-- 


All Federal agencies responsible for 
administration of recreation use on public 
lands [to] report on the volume of that use 
in terms of visitor-days. The visitor-day 
unit reflects the elapsed time which visitors 
spend in various recreation pursuits, with 
any combination of time aggregating 12 hours 
of activity being considered as one visitor- 
day [7]. 


The visitor-day, as a unit of measurement, is extreme- 
ly useful insofar as it allows an accurate computation of 
recreation use of Federal lands. However, since recreation- 
use statistics estimated prior to 1965 were made in terms of 
numbers of visits rather than visitor days, the visit unit 
of measurement was used for the projections made in this 
study. A visit is defined as a person in attendance at a na- 
tional park or some other recreational facility without ref- 
erence to the duration of his attendance. 


This study was confined to areas in the contiguous 
United States. However, population data after 1950 used in 
the national projection tables included Alaska and Hawaii. 
Thus, in the projections of national recreation visits, the 
Alaskan and Hawaiian populations were included. 


In Chapter IX of this study, the quantity of land that 
will be used for urban growth is discussed. As indicated in 
that chapter, by 2000 several continuous ribbons of develop- 
ment will link most United States Standard Metropolitan Sta- 
tistical Areas (SMSA‘s) [4]. Populations of the SMSA's of 
the 1960's have not experienced the lack of nearby rural areas 
that will be common in 2000, and it is essential to account 
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for this type of urbanization to understand the demand for 
outdoor recreation in the future. The term metro-urbanization 
is used in this study to refer to such urban development. 
Measures of metro-urbanization are based on the past average 
annual growth rates in SMSA's. By 2000, more than 70 percent 
of the U.S. population will be residing in metro-urban areas. 


Recreational Activity on Federal Lands 


In projecting recreational activity on Federal lands, 
it was not possible to determine the regional origins of 
visitors since regional data for past visits by regional origin 
of visitors is not available, some national parks and forests 
are located in two or more States, and the regional distribu- 
tion of Federal recreation land is changing. For these rea- 
sons, only national projections were made for visits to Fed- 
eral lands used for recreation. 


Multiple regression equations were used to explain past 
visits and to determine future visits to each of the four Fed- 
eral areas considered in the study (national parks, other NPS 
areas, national forests, and wildlife refuges). The deter- 
minants of visits in the past were: (1) per capita real dis- 
posable income, (2) per capita intercity automobile travel, 

(3) weekly hours of leisure,per employed person, and (4) chang- 
ing recreation preferences .1/ While these determinants are 
usually adequate to explain the past, they are less reliable 
in projecting outdoor recreation requirements. The Bureau of 
Outdoor Recreation (BOR) [5] survey of recreation demand re- 
vealed, for instance, that once certain levels of income, 
leisure, and mobility have been reached, they are no longer 
the factors that influence recreation visits to specific 
areas. Changing recreation preferences, measured by increased 
visits to wildlife refuges and national forests over time and 
related to income, are the only variables that appear to yield 
realistic projections of future demand. 


; Changes in the patterns of visits to specific recrea- 
tion areas must be considered in terms of contributing factors. 
Metro-urbanization may be one such factor -- the lack of un- 
developed rural-natural areas near population centers plus 


I7 Outdoor Recreation Resources Review Commission staff 


methodology was used as a model in our original projections. 
[ype VOls. 26, (Chen 210 
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increased urban concentrations will add to the lure of the 
wilderness characteristics of national parks and national 
monuments. Another factor is probably increased education. 
As the general education level increases in the United States 
and as metro-urbanization increases, these wilderness areas 
may become natural laboratories -- the only places where na- 
ture can be studied. Finally, a factor which is difficult to 
quantify, but is nevertheless important, is the psychological 
need of urban dwellers to find periodic relief from the pres- 
sures of a congested urban environment. 


A summary of the projections of visits to national 
parks, other areas administered by the National Park Service, 
national forests, and wildlife refuges is shown in table 53. 


National Parks 


In 1948, there were 26 national parks listed in the 48 
States. Petrified Forest, Arizona, formerly a national monu- 
ment, became a national park in 1964, and in 1965 Canyonlands, 
Utah, was added, giving the continental United States 28 na- 
tional parks. Nearly 11 million park visits were recorded in 
1948, and by 1965 there were almost 36 million visits. Al- 
though the national population increased during the period, 
visits per 100 population far outpaced the population growth, 
rising from 7.46 per 100 population in 1948 to 18.51 in 1965. 


In projecting demand to 1980 and 2000, the variable of 
time, reflecting changing recreation preferences, metro- 
urbanization education, and psychological needs, yielded the 
most realistic projections. Visits to national parks are pro- 
jected to be 35.72 per 100 population in 1980 and 70.76 in 
2000, or to almost double in the coming 15 years (1980), and 
to double again in the next 20 years (2000). The medium pro- 
jections of park visits for 1980 and 2000 are 84.0 million 
and 217.8 million, respectively (table 53). 


Other Areas Administered by the National Park Service 


In projecting visits to National Park Service (NPS) 
administered areas other than national parks ,2/ only those 


27 NPS administered areas include national parks, battle- 
fields, battlefield parks, battlefield sites, cemeteries, 
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Other NPS administered 
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National parks.......... 
National forests........ 
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38.6 39.8 41.8 7S: Wy oS 88.2 


13.9 





Wildlife refuges........ 


OA LADS 23 


682.6 705.0 740.2 1421.0 


255.8 


TOPALG co ohcte ic enerstee retin 


These 


11) and U.S. Fish and Wildlife Service, Bureau of 
Sport Fisheries and Wildlife, unpublished yearly summaries. 


figures exclude Alaska and Hawaii. 


1964 data from [7, 


Source: 








areas located in the 48 contiguous States and the District of 
Columbia were considered.3/ In 1948, there were 131 such 
areas, and by 1965 the number of areas had increased to 156. 


Whereas two-thirds of the national parks in the 48 
States are located in the West, other NPS areas are widely 
distributed geographically. In addition to geographic distri- 
bution, other NPS areas were distinguished from national 
parks on the basis of the relative number of visits. These 
areas accounted for 63.5 percent of the total visits to NPS- 
administered areas in 1948, and by 1965 had increased to 70.4 
percent. Many factors influenced this increase, including 
the relative proximity of these areas to urban populations 
and an increased awareness of the historical significance of 
many of the areas. 


In absolute terms, the number of visits to NPS admin- 
istered areas other than national parks increased from 18.56 
million in 1948 to 82.30 million in 1965, or by 344 percent. 
In 1965, there were 42.47 visits pore a population, compared 
with 12. 70 in 1948. 


For 1980, the projection of visits to other NPS areas 
is 63.02 per 100 population, and for 2000, 95.29 visits per 
100 population. The medium projection of visits in 1980 is 
148.2 million, and the projection for 2000 is 293.3 million 
(table 53). 


National Forests 


Recognizing the need to preserve forest resources, in 
1891 Congress authorized the President of the United States 
to set aside a forest reserve, the forerunner of the national 
forests now administered by the Forest Service. By 1948, 
there were national forests in 38 of the 48 States, and by 
1964, in 40 of the 48 States. 


historic sites, historic parks, memorials, memorial parks, 
military parks, monuments, recreation areas, eRe Li park- 
ways, and the Capital Park System. 

3/ The White House was excluded because comparable data were 
not available prior to 1964. 
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The increase in visits to national forests, both total 
visits and visits per 100 population, has been rapid. In 
1948, almost 24 million visits were recorded, and by 1965 
there were more than 52 million visits annually. Visits per 
100 population increased from 16.36 to 31.03 between 1948 and 
1956. During the 8-year period, both the number of visits 
and the rate of visitations almost doubled, and it took but 
6 years for this doubling to occur again, so that by 1962 
there were more than 111 million visits, or 59.96 visits per 
100 population. 


This phenomenal growth can be explained in part by the 
geographic locations of national forests. There are more na- 
tional forests than national parks in the densely populated 
areas of the United States, and they are more accessible to 
the populous East Coast and the densely populated centers of 
the North Central Region and the Far West. 


In projecting national forest visits to 1980 and 2000, 
per capita disposable personal income and changing recreation 
preferences over time appeared to be the most important fac- 
tors. A minimum level of income appears to be necessary in 
order to take advantage of recreational opportunities offered 
by the national forests. Once this level of income is attain 
ed, however, income becomes a much less important determinant 
of visits. 


In 1965, there were 69.18 visits per 100 population to 
national forests. By 1980, the number of visits per 100 pop- 
ulation can be expected to double the 1965 rate, and the num- 
ber in 2000 is projected to be four times greater than 1965. 
The medium projections of total national forest visits for 
1980 and for 2000 are 433.0 million and 958.7 million, respec- 
tively (table 53). 


Wildlife Refuges 


In 1903, Pelican Island, Florida, was designated as 
the first United States Wildlife Refuge, and was the beginning 
of the Wildlife Refuge System. An important purpose of the 
refuges is the protection of fish and wildlife in their na- 
tural habitats in designated areas.4/ In 1962, Congress 


47 In 1965, there were refuges in every State, except Con- 
necticut, Indiana, New Hampshire, Rhode Island, and West 
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authorized public recreation as a secondary use of the refuges, 
to the extent that such use is compatible with the primary 5/ 
purpose of the refuges, the protection of fish and wildlife.= 


In 1951, there were 97 refuge areas, registering less 
than 3.5 million visitors. By 1964, there were 159 areas with 
nearly 14 million visits recorded, an increase ijl Visits .of 
more than 300 percent in the 13-year period. In 1964, the 
Bureau of Sport Fisheries and Wildlife noted that 70 percent 
of the 1964 visitors were sightseers, birdwatchers, picnickers, 
boaters, and swimmers.6/ The remaining 30 percent were fisher- 
men (27 percent) and hunters (3 percent) .- 


Per capita disposable income and changing recreation 
preferences were found to be the determinants of visits to 
wildlife refuges. In 1964, the visits per 100 population 
were 7.27. The estimated visits per 100 population are 16.94 
in 1980, or more than double the number estimated for 1965. 

By 2000, projected visits are 25.30 per 100 population, an 
increase of about 50 percent in the 20-year period. The 
medium projections of visits to wildlife refuges are 39.8 mil- 
lion in 1980 and 77.9 million in 2000 (table 53). 


Recreational Activity on State Lands 


At the present time the number of visits to State parks 
is more than 10 times as great as visits to National parks, 
and visits to State parks increased at a greater rate than 
visits to National parks between 1960 and 1965. 


Millions of visits 


1960 1965 
National parks 25518 35.9 
State parks 293.8 420.5 


Virginia. Distinction should be made between those areas 
which record visitor attendance and all areas. In 1964, there 
were 159 refuges reporting visitor attendance from a total of 
297 units within the entire system [6]. 

5/ Public Law 87-174 (76 Stat. 653, 16 USC, 460K-460-K-4) . 

6/ U.S. Department of the Interior, Bureau of Sport Fisheries 
and Wildlife, unpublished. 


-191- 




















| Ge FOMSENG Bor her eee ee 
e ° ° ° e e . . main ted) eed 
) ej 2 S28 fee oan se 
tomb eae a 
| | a daa 
For projection purposes, it was assumed that the ratio 
of State park visits to National park visits will continue to = Gi see eres aM SL a a da a a 
increase in the future at approximately the same rates as in | - = ose © nim oO So ASE TRIS aioe Eve Rees 
the past, giving a ratio of 15 to 1 in 1980 and 19 to 1 in ©: iS 8) Slee AIESS Es ip et ue? wn 
the year 2000. This assumption is based on expectations that 43 es s N ites 
State parks will continue to serve as high intensity recrea- © x rt 
tion areas, particularly as weekend recreational facilities = bx elas C0. OM Det ne NO 
near metropolitan areas. at = . + ge EE ete PRE RRR ees 
oe H Q bere 2 Hees 4) a Cae e 7 Pe ee Cee ia 
i) 
| nal | ~ on oO 
Based on projected visits per 100 persons to National | Ne | | o q 
parks, visits to State parks are projected to be: i 
) 
eles Mri ae a ee ene 
qty 4d 1 oO nn 
1980. 2000 4 [eek as IN a Oe ara Chitrot gd A Nee Sm MOS ele 
= ! = } 9 mam iS 
National park visits ) is a; 
(per 100 population) 35.72 70.76 - | gio +s = wT ON DOU TMON 
wo | | eee Se re fer tole ta wo cao 
Ratio of State park visits | Be = Ritionenteal ot bt art Nao 
to National park visits 15:1 19's aie ikey a Sy go ae eB 
a 0 | pia 
State park visits je ee ep 
(per 100 population) 535.80 1,344.40 moi | : tuys ON gree AS OO oS aan ele = 
A ‘ag i. wow onnowonao 
ee 2 S Sea eh re Notte 
. 7 H Ss { ee Te aaa Ney me: 
General trends between 1960 and 1965 in visits to \ Qa | | ieee 
State parks in the regions have been used to project the dis- ea a | 
tribution of State park visits. In the Northeast and North & | 
Central Regions, the ratios of visits per 100 population, even Hi | = x Se aS A Tn ° 
though above the national average, have tended to move toward nS Latah ota bes ae eee SR aes es 4k 
the national average. It has been assumed, therefore, that ‘ he Org hese eee 
in 1980 and 2000 they will equal the national average. The zo) bee =i beak) 
West, however, has had increasingly higher numbers of State He ~ | 
park visits per 100 persons than other regions of the Nation, a ‘ 
and it is assumed that the West will continue to show above- fe) 1B eee Pe Fe at : tt & . 
average visits in the future. In making projections for in- = xs RE aige shee a , aes é 
dividual States in the West, the regional average for visits a fis Tete es = aa mal : 
to parks per 100 population was used. Differences between int \ [eye CPR IN Sp hay Sai ak eee, ee ; 
States are therefore the result of differences in populations, a heer ae Se ee ee ie : : 
and the low, medium, and high projections of park visits are = ee aie hat iaadl por at ont S : Ms 
the result of the range of the population projections i ols rier COs pels Sains? peat) 6 aap 
table 54). Rive | ee ; eee im Lise re 2 gS 
= PROS OG | ha en aa Se ee 
5 eet yeas s re ge osha ote One 
e a Sk ek AS SESE PaO. to's te See 
The Southern Region has not participated in the general = En Pel pres jet ae cies 6G co ete = RE oe 
increase of more intensive visits to State parks. With in- fe acu eta Bake oiec rete perma ee ire ferme eg CS, 
creasing population growth in the South and the resulting ur- ra POT ENO RS AO GO 
banization, the number of visits to State parks per 100 of ay Sr ee 
population will rise, even though it is not expected that | Al 


-193- 
-192- 


1965). 





Bureau of Census, 


Alaska and Hawaii. 
Bureau of Outdoor Recreation, unpublished data (compiled by Department of 


xcludes — 
UsS:; 
Commerce, 
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State park visits in the South will match the national average 
by 2000. 


Participation in Outdoor Recreation 


The previous sections of this chapter dealt with visits 
to public (Federal and State) recreation lands. This section 
deals with total outdoor recreation participation on all land 
and water regardless of ownership. The growth of outdoor 
recreation indicates more intensive use of existing facilities 
as well as the need for additional facilities. These factors 
clearly have implications for public land policies. However, 
there is no proportional relationship between rising outdoor 
recreation participation and public land needs. Outdoor 
recreation activities are satisfied wherever the facilities 
occur, on private as well as public lands, on Federal as well 
as State and municipal lands. Further, a variety of activities 
is not mutually exclusive; two or more activities can be sat~- 
isfied at one location. 


Two nationwide surveys have been conducted on partici- 
pation in outdoor recreational activities: The Outdoor Recrea- 
tion Resources Review Commission (ORRRC) reported results of 
its survey in a 1960 publication, Outdoor Recreation for 
America [1], and the 1965 publication of the Bureau of Outdoor 
Recreation (BOR), Outdoor Recreation Trends [5], summarized 
data gathered by the Bureau of the Census. Although the 
activities covered were not identical in the two surveys, a 
total of 24 recreation activities were included, with many 
individual activities projected on a national basis to the 
year 2000. : 





For the purposes of this study, 22 outdoor recreation 
activities8/ were grouped into five categories, and participa- 
tion was projected by groups of activities rather than indi- 
vidual activities. The ORRRC and BOR surveys covered most, 
but not all, activities. Newer and less popular activities, 
such as snowmobile riding and parachute jumping, were not 
listed. It is, therefore, more meaningful to project groups 
of activities to allow for shifts in preferences. Projec- 
tions have been made for each of the regions considered in 
this study. 


87 Two additional activities covered by the BOR survey and 
excluded from this study are bird watching and wildlife and 
bird photography. 
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(1) Passive outdoor recreation: 


Walking for pleasure 

Driving for pleasure 

Sightseeing 

Attending outdoor sports events 

Picnicking 

Nature walks 

Attending outdoor concerts and dramatic presentations 


(2) Physically active recreation: 
Playing outdoor games or sports 


Bicycling 
Horseback riding 


. (3) Water sports: 


Swimming 
Canoeing 
Sailing 

Other boating 
Water skiing 


(4) Winter sports: 


Sledding 
Snow skiing 
Ice skating 


(5) Back-country recreation: 


Fishing 
Camping 
Hiking 

Hunting 


The 1965 BOR survey was used as the basis for project- 
ing participating occasions to 1980 and 2000. In addition, 
use was made of unpublished data gathered by the Bureau of the 
Census for BOR which provided: (1) the percentage of the pop- 
ulation 12 years and over participating in each of the 22 
activities, and (2) the number of participating occasions per 
participant. These BOR participation rates were determined 
from the BOR survey for the Nation, census regions, and by 
family income class. 


Our analyses of the survey results show that there is 
an important relationship between participation and levels of 
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income. For both the number of participants and the number 

of participating occasions per participant, participation is 
lowest for families with incomes under $3,000. Participation 
apparently rises sharply as income rises, stays relatively 
constant for families with incomes around $10,000, but begins 
to decline slightly as family incomes continue to rise. The 
exception to this income relationship is found in back-country 
recreational activities. For these activities, income changes 
do not correlate with participation rates. Rather, participa- 
tion in back-country recreation activities is related to the 
degree to which the population is urbanized. 


Regional Participation Occasions in 1980 


: The basic assumption in projecting passive, physically 
active, and water sports is that the average national partici- 
pation in 1980 will be the same as the national family income 
class with the highest participation rates in 1965. This as- 
sumption reflects the expectation that the family income class 
with the highest recreation participation rate in 1965 is the 
most likely to be representative of family incomes in 1980. 
For each of the three groups of recreational activities, a 
national per capita (12 years and over) participation occa- 
sion factor was calculated from the 1965 participation rates. 
The factor was an average of the highest percentage of popu- 
lation participating and the highest rate of participating 
occasions for each activity in each group. 


Next, the national 1965 factor was used to arrive at 


“the 1980 per capita (12 years and over) participating occasion 


factor for each of the four census regions. This was accom- 
plished by taking the 1965 regional per capita participating 
occasions and adjusting them for consistency with the project- 
ed national per capita participating occasion factor. Thus, 
the relative distribution of participation rates among the 
regions was retained, even though their absolute values in- 
creased. 


The final step to arrive at the number of participating 
occasions was accomplished by multiplying each regional recrea- 
tion group participating occasion factor by the low, mediun, 
and high populations of 12 years and over in 1980. For the 
States in the western census region, the western regional fac- 
tor was applied to each State projection of low, medium, and 
high population of 12 years and over. It was not possible to 
project recreation participation separately by regional resi- 
dents and nonresidents. Projected visits to Federal and State 
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lands reflect the total combined visits. The participation 
projections are basically tied to the resident population. 


The BOR survey did not provide the number of partici- 
pating occasions per participant for winter sports. The pro- 
jections for winter sports, therefore, are for participants, 
not for occasions. 


Since back-country recreational activities are related 
to metro-urbanization (as metro-urbanization occurs, partici- 
pation decreases), participation in these*activities is ex- 
pected to decline. The Northeast has the highest concentration 
of urban metropolitan population and, therefore, the lowest 
participation in back-country recreation. Further metropoli- 
tan growth is expected to increase relatively faster outside 
the Northeast. It is assumed, therefore, that regional par- 
ticipation rates in back-country recreation activities in the 
South, North Central Region, and West will tend to move to- 
ward the 1965 Northeast Region level. It was further assumed 
that by 1980 the spread between the Northeast and other re- 
gional participation rates will diminish by one-third. 


Regional Participation Occasions in 2000 


The 1980 per capita participation occasion factors were 
adjusted for the year 2000 in the following manner: For pas- 
Sive, physically active, and water sports, it was assumed 
that there will be no further increase in the region with the 
highest participation, and that due to increasing interregional 
homogeneity, other regions will more closely resemble the re- 
gion with the highest participation. The 1980 spread between 
each region's participation factor and the region with the 
highest factor was assumed to diminish by 50 percent by 2000. 


Two counteracting factors were recognized as affecting 
future participation in winter sports --- the trend of popula- 
tion migration toward the warmer southern climates, and the 
increased mobility of population and accessibility of winter. 
sport recreation areas. It was assumed, therefore, that the 
per capita participation occasion factors for winter sports 
in all regions will remain constant between 1980 and 2000. 


Since metropolitan growth is expected to continue be- 
yond 1980, it was assumed that the decline in back-country 
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recreation participation will also continue. Therefore, be- 
tween 1980 and 2000 the spread between the Northeast and 
other regional participation rates was further reduced by 
one-third (table 55). 


Projections of regional participation in the various 
groups of activities in 1980 and 2000 are shown in table 55. 


Fishing and Huntin 


Fishing and hunting are two of the oldest sports, as 
well as a means of supplementing the diet. Each State has» 
its own licensing policy, but generally persons under 12 
years of age are not required to have a fishing license, nor 
is a license required for salt water fishing. All States 
have laws governing the kinds and amounts f game that can 
be hunted, as well as the time hunting is bermitted. Hunters 
are usually required to buy a hunting license or a hunting 
tag. It should also be noted that many persons buy licenses 
in more than one State. 


Multiple regression equations were used in projecting 
the future demand for both fishing and hunting licenses for 
census regions of the United States. Variables used for ex- 
plaining the past were recreation preferences, measured by 
the increases in licenses issued over time, metro-urbanization, 
income, leisure time, and mobility. In order to derive esti- 
mates for individual States in the West, the projected rate 
of license issues per 100 population for the West was applied 


to the population of individual States. 


Fishing Licenses 


About 14 million persons purchased fishing licenses in 
1948, and this number steadily increased to 20.4 million in 
1965, an increase of about 45 percent. There were 9.64 fish- 
ing license holders per 100 population in 1948, increasing to 
10.54 in 1965. However, this rate vacillated during the 18- 
year period, and has declined steadily since 1958. 


In projecting demand, the variables of time (as a mea- 
sure of recreation preferences, education, etc.) , metro- 
urbanization, and income were used. Income appears to have 
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Recreation Groups, Varying Levels of Part 


icipation Occasions, 


Table 55. 


By Region, 1965 and Projected 1980 and 2000 


(in millions of occasions) 
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Table 55. Recreation Groups, Varying Levels of Participation Occasions, 
By Region, 1965 and Projected 1980 and 2000 -- Continued 


(in millions of occasions) 


1965 1980 















Group and region 





Physically active recreation 
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United States el eh. 3,388 6,354 6,375 6,644 S557 9,051 9,718 
NortheaSt.....ccewecnce 864 1,566 aay sab 1,628 1,985 2,099 2,276 
North Central.......... Los 1,970 O77 em 2,004 2,389 2,527 2,648 
BOUCH ccc cic sieves: s snolelia el oes 847 1,606 1,612 1,670 2,456 2,598 2,816 
West: ; 

Montana.....--eeeeeee 13 23 23 24 30 Si 34 
Toa a c/s cle sors cokevene sis ale} Fi 23 23 24 30 32 34 
Wyoming....eeseeee Shite i 6 soy Jaa PL 14 15 16 
Colorado......sseeses 36 71 he 74 96 102 110 
New Mexico......-.+. 0 LS 38 38 40 59 63 68 
AYizona. s...--- Hibs O80 29 67 67 70 105 SRILA 120 
Utes «ic edie eto sis sisaskeye. © 18 37 37 39 56 59 64 
N@VaGalcis cs so o.s cle cleimc s 8 19 19 20 25 26 28 
Washington........- oc 55 101 101 105 133 141 L53 
Oregon..... ON Ha Oe 36 67 67 70 88 93 101 
Californias isnt « sisrde 341 755 757 785 i092 £,153 1,250 
' Water sports 

United Statesa/... sees 3,709 7,004 7,028 UA Se 9,497 10,044 10,791 

NortheaSt...--ccessseces TAK) 1,891 1,898 1,966 2,296 2,429 2,633 
North Central...... ehenens ay, Oras 1,918 1,924 1,994 2,494 2,637 2,763 
SOutMe cieteie eietedscersieie c= 6 ate 897 1,708 1,714 1,776 2,689 2,844 3,083 
West: 
Montana 
cece eeccos cee ° 16 28 
LdanGur weds see o: 28 29 35 
Wyoming.:...%.. a . 28 28 29 35 eS at 
eeoeeree 13 13 40 
Colorado... ... 14 7 
N : ee esece 44 88 8 17 19 
ew Mexico...... 8 91 ily, 
A eece 23 47 4 119 129 
Arizona..... tf 49 69 
oiskonepeteie 36 82 73 79 
Wear en. 83 85 123 
© Aye ease 0 22 46 130 141 
Nevada....... 46 48 65 
Fete eens 10 23 69 74 
Washington..... 3 24 29 3 
oars, Se 67 123 124 1 33 
DESI Ao. seucgoostvexsvahnce « 44 129 156 165 179 
California....... 83 83 86 103 1 
eaotets 417 926 929 963 ne 09 118 
¥ 1274 1,347 1,460 
Winter Sports— 
1 
N hs 
united States?/ 1 
ahelleleue sieiete.r 267 2 
‘i Pe : 837 2,847 2,951 3,493 3,694 3,955 
rtheas 
abasic aaa : 453 1,001 1,005 
Ais Coes Nee Rigg Hodis 218 1,119 123 sigs Ta apace ec? 
biel cee ee eer ec sae A oe 28 , ’ 504 
West: 3 284 294 353 373 "2405 
MON Gan alenutnepets tera << ks 4 8 8 
Idaho. .... Sd aeetiy 4 8 2 9 10 1 12 
Wyoming........ 2 9 10 ll 
“0 ea ae 4 4 2 
Collorade cic. 4 5 5 
De eee e cece see LE 26 26 6 
New Mexico........ ae 6 1 es 34 35 38 
AMAZON Ae ecete siere sieietele Ae 9 : 14 14 20 ae 23 
Utaheerts site rs srrky: 5 24 24 25 36 38 41 
Nevada........... ee 5 e aS 14 19 20 22 
Washington..... , u 7 7 8 9 
Fels 6.6 16 36 36 10 
Oregons a ee ee we 11 24 38 45 48 52 
California.s een oe 107 270 at 25 30 32 35 
71 281 372 393 426 
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ae an inverse relationship to fishing activity, but other fac~- 
oe vA 4 n “ a4 ar nN ma eNO tors, such as changing recreation preferences, tend to offset 
ow non ” the effects of income increases. Fishing license demand is 
nN projected to be 13.63 per 100 population in 1980 and 18.60 by 
2000. 
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The number of hunting license holders has also vacil- 
lated in the past 14 years, increasing from about 14 million 
in 1952 to a peak of almost 15 million in 1957, and declining 
thereafter until 1965 when there were about 14.3 million. 
Slight annual increases have occurred since 1960. Although 
the number of hunters has increased slightly since cH Brae 
the number of license holders per 100 population has dropped 
steadily, from 9.31 in 1953 to 7.37 per 100 in 1965. 


Metro-urbanization was considered to be the most impor- 
tant factor in projecting future demands for hunting licenses. 
As rural areas become urbanized, hunting grounds and natural 


(actual) 





1965 data from U.S. Bureau of Outdoor Recreation, unpublished. 





: habitats for wildlife are pushed farther away from the hunter. 
in LY Another aspect of metro-urbanization is the lack of acauain- 
wo pe 5 tance with guns. Whereas not many years ago almost every 
sq = young man had some kind of gun, the urban youths of today 

RB have little reason or opportunity to become familiar with guns. 
ee 
eee De ee oe oe ee eee oe or The number of hunting license holders in 1965 was Bt | 
S “ae eerie ale Fe oe Se a Re Re © -A per 100 population. This rate is projected to decline to pire et 
21 Coane st ea, eee See per 100 population by 1980, and to 6.73 by 2000. 
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Table 56. 







Region 


(in thousands) 


1965 


United states’. .2.,....,| 20¢4280 131,024 
NOFENCASES erasures laretselaie 3 Ss 2s) 2,955 
North (Central ccc ses os 7,407 9,550 
SOUEN sh chais eeokete ters aNcheksi eerste 6,344 shal esse) 
West :— 4,544 Teh) 
Montana's. soe. sie) Go6 aos 280 454 
TO ANGeisietoleveteyel sicters talons) alate 265 427 
Wyoming...... coooueudus 144 233 
COOP AGG ntseee oletehe clove: ola 431 698 
NEW SMEXVCORt. sveielelels = icsevatte 107 173 
AYA ZON aloes ses ouere arene 248 402 
Utah. Ristajpime tel ayensier-cest ats 236 382 
Nevada......e. aeeieto aie ecene 79 125 
WaShamgit Omi cieeicrs eferenseis 6 427 692 
Oa Xela o.66 Goto ow 5 dado 528 854 
Cala fOrniactene ss siopelove rs 1,799 2,917 


a/ Excludes Alaska and Hawaii. 


32,043 


3,053 
9,864 
11,519 
7,607 


468 
444 
241 
722 
179 
415 
395 
132 
715 
884 
Be0 12 


1980 


33,644 


3,205 
10,356 
12,092 

7,991 


492 
466 
253 
758 
188 
436 
415 
139 
aul 
929 
3,164 


52,996 


4,736 
15,710 
18,941 
13,609 


838 
794 
431 

1,291 
320 
743 
706 
237 

1,280 

1,579 

5,390 


57,660 


5,152 
17,092 
20,608 
14,808 


Sa2 
863 
469 
1,405 
348 
809 
769 
258 
UE SEP 
Lp is 
5,865 


National and Regional Fishing License Holders, 1965 and Projected 1980 and 2000 


64,672 


5,836 
18,714 
23,346 
16,776 


1,034 
978 
532 

1,592 
394 
916 
871 
292 

1,577 

1,946 

6,644 


ation furnished by the State Fish and Game Departments, U.S. Department of the 
These licenses are for the contiguous United 


Source: 
Interior 
States. 
Table. 57. National 


Region 





, Fish and Wildlife Service. 


and Regional Hunting License Holders, 1965 and Projected 1980 and 2000 
(in thousands) 


United States?’........ wea 140097 ess 9:69 
Northeast........ auch ee elias 5 2,403 74 SIS 
North Central: Js... OE: C 4,803 4,925 
South, , aiapeushaee ae aie Shots st otene - 4,516 5,256 
West :— PA EMSS Shpalg sy 
Montandesic. «sae SOSA 177 220 
PGA AN Oy sPatevetsr es rouels ehele ts ats 178 221 
Wyoming.:...... bs bain OGG 120 149 
Colorado....... guar cere thes 281 349 
News Mexi Com: ciciats ofc. occhenate 82 102 
AY2 ZONA eee a's oe Si OES Oe 127 158 
Utah eae ck CSOT De 198 246 
Nevadalscc.c ss Breas ee Ais 52 65 
Washi ngtonc ceric.) sete 322 400 
Oregon sis)5).)s,< o. SERED OFS B33 414 
Caldfornivas as creme Susi eetate 685 851 





a/ Excludes Alaska and Hawaii. 


Source: 


Interior, 
States. 


Bureau of Sport Fisheries and Wildlife, 
ation furnished by the State Fish and G 


Fish and Wildlife Service. 


UGH oie 


7a Tak) 
5,087 
5,429 
S27 


227 
228 
154 
361 
105 
163 
254 

67 
413 
426 
879 


1980 


17,340 


27,505 
5,341 
27099 
3,445 


239 
240 


18,888 


2,944 
SOS 
6,196 
4,075 


282 
284 
191 
448 
r32 
203 
316 
83 
514 
530 
093 


20,550 


3,203 
6,172 
6,741 
4,434 


307 
309 
208 
488 
142 
221 
344 
90 
559 
577 
1,189 


23,046 


3,628 
6,758 
7,636 
5,024 


348 
350 
236 
55/3 
161 
250 
390 
102 
633 
654 
1,347 








Bureau of Sport Fisheries and Wildlife, unpublished summaries compiled from inform- 





unpublished summaries compiled from inform- 
ame Departments, U.S. Department of the 


These licenses are for the contiguous United 


oniveainin Geen ae. 4 Se wee 
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CHAPTER IX 


LAND OCCUPANCY REQUIREMENTS 


This chapter presents projections of land area occu- 
pancy requirements for four major nonagricultural land uses 
in the years 1980 and 2000. Projections were made for the | 
following land-use categories: urban land; rural land with- 
drawn for transportation and other rights-of-way uses; rural 
land withdrawn for second homesites; and rural land control- 
led by the’ U.S. Department of Defense (DOD) and used for mili- 
tary purposes. 





Because of the limited quality and availability of 
statistical data on the occupancy uses of land, and the limit- 
ed body of theoretical knowledge about interrelationships be- 
tween land uses and land area occupancy, projections based 
on formal objective analyses were considered inappropriate. 
All projections in this chapter are essentially judgmental in 
nature, and are based on qualitative reviews of existing in- 
formation on+past, present, and future land occupancy require- 
ments for the four land uses considered. 


The medium projections represent the land area occu- 
pancy requirements judged most probable in the target years. 
High and low projections represent judgments as to the plaus- 
ible range of possible deviations from medium projections. 

A summary of projections for the four land-use categories is 
presented in table 58 below. 


Urban Land 


Urban land is defined in this report as the land area 
within which the resident population would be classified as 
urban because of its size or density, under the definition of 
urban used by the 1960 U.S. Census of Population [7, Part l, 
U.S. Summary, pp. xviii, xix, and xxvi]. The remainder of 
the total land area is defined as rural land. In 1960, urban 
land comprised 23.7 million acres (or 1.25 percent) of the 
1,902 million acres of land in the 48 States.1/ 


Lf Unpublished estimates by the U.S. Department of Agricul- 
ture, Economic Research Service, Land Resources Branch. «This 
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a/ 


, 


Cupancy Requirements 


ted 1980 and 2000 


(in thousands of acres) 


Summary of Land Oc 
Base Year and Projec 


Table 58. 


The area encompassed by urban land consists ee 
of land which is in use for such purposes as housing, indus 





















; es urban land includes a 
s rs ees, BA try, and transportation. In addition, urbe aator Sauer 
ye mS ele Py a substantial area which is vacant or are ant ee SATE Oe 
. = - . = ~ - n _ e 
in nN has al tes Be nonurban Ee eee fo nes ent gai pooniees and 
30 land already use or urban purf Ean 
i ithdraws it from potentia ong 
ag farmland effectively wi d he term urban 
= = Ete tak Sok Lee i gah use for nonurban purposes. For this reason, t Si land with- 
n in Om AR ~ o5 land, as used in this report, describes the tota = oe 
: ; i -term nonurban use, 
: . s sos 4 OF banization from potential long s 
foe) ~ a] in AN oo drawn by ur : 2 used for 
s Ss es Sy n H even though part of this land is not currently being 
shoo urban purposes. 
© 
f=) NA OM wm aw ned 
oO td NAR ® é F : eribing the amount of urban 
0 NN om ¥ Ms Historical time ipa ee oe Sunes conte = eka 
a aa epee: a land, as defined here, in each reg OS ye Syne 
N nN © 1 able. It was therefore not possible to trace Slaton 
ry | i 1 relationships between urban land Svecie POP ’ 
= ? ane : the geographic areas for which the demand for 
Ho and income in ; Wee ts 
= me on sities ct ‘urban land was projected. It was popes bAsrepOre ee: ke nt 
~ DH ODN O° a> j recognize several general relationship 
~ a ro =i demand for urban land. 
N N 
WD & 
else i d to the size 
= Sie eee hort i mand for urban land is relate 
>; io Mee et ene: ele: As the urban population has grown, 
nett : anes eae oS 23 of the urban population. poste ey eee | 
0 aA +N ns the amount of urban land has also grown. ces Beis Akitas 
S Te for urban land is also Sas Peat eer ope ates oe eee oe 
ein ban places. The smallest urban p Seb PEM aia 
Qo contain the greatest amounts Sai an a8 pe eh we 
~ o = ry) i ities. G 
a 4 3 of g have the lowest population eenee. Se eae oe eee 
3 eS Oe Cia largest urban places in terms of pop a hale whecniek te ee 
4 ae BA loss a est amounts of urban land per person an 
:. var 5 ulation densities. 
dl © Oo fe) : 
u SS © Ga a 
d Al, 2) ws eis i lation densities of most of 
bis oin ao ae a oo ce] Third, the very high popula to reflect their 
oe aS = Sige eS the Nation's largest urban places appear to 
: Bree OER iyered! He tees 
is} - a) . 
= o ae agg ludes certain categories of land 
‘ : Sept osge “~ ee Rian hen definition of urban land exclu es ES) eee 
° A ole ONS Os)  Q) n oc Pun © : ; rs nsidered urban if different definitio 
: Ig ala a - ag Ms Eh Seta eaone eee : i 3.6 million acres of land in ; 
; S Ome UG Orde a spe z eee Sone used. In 1959, approximately 3.6 mi illages 
° Oe ge PEOTEA, Fel oh g) t fome ony ; oe occupied by towns and vi age 
: aan. oo D cen coe the 48 contiguous States . Bier Teutcmadee IS 00 whl on 
: © -4 ‘ud Od os (Sl S nounHs with populations over 1,00 Penk butware defined as) rural sin 
fe ee AN. ee HO ON ed VPONYH were defined as urban by the USDA, : t ae 
O- ON ON ata Guy he] anEN~S YH sues the USDA has estimated that sev 
fF £ OAV U BROW co) 2 30 . in-this study.  Inwaddition, i mates Reauns 
© © & POO WG 4G U ASOT GC EDINN WW i114 additional acres of land are occup y 
ie a ate on ae Ki oneen an eee coe s, which both USDA 
FAAS oOWR oO KDA VH BAAD DH d villages with fewer than 1,000 persons, 2 
a ‘o N po” ae v o gee Sie el akeks erat i dy define as rural land [c.f., 8, table 20, p. 42]. 
cH 2 & D Yn a ae orc <a and this study de 
3) 
D> em LaVOreIn S o lov) 
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maturation pior to 1920, when the widespread use of the auto- 
mobile and the development of low-density suburbs accessible 
primarily by automobile began. Since 1920, population densi- 
ties in the Nation's older metropolitan areas have declined. 
At the same time, those large urban areas which have develop- 
ed since 1920 have done so at a substantially lower population 
density than the Nation's older cities. 


Differences in regional urban population densities in 
1960 reflect the impact of these factors. In the Northeast 
Region, the oldest and most urbanized, the density of urban 
population is substantially higher than the national average. 
In contrast, the South exhibits a substantially lower density 
of urban population than the rest of the Nation, reflecting 
the recent nature of urbanization and the large number of 
small urban places in the South. 


Variations from the national average density of urban 
population in the 11 western States result from two causes. 
In many of these States, the urban population historically 
has been concentrated in one, or at least a small number, of 
old and relatively dense cities. In those western States with 
relatively small urban populations, the presence or absence 
of such historic urban concentrations causes major differences 
in urban population densities. In the western States with 
relatively large urban populations -- California, Washington, 
Colorado, and Oregon -- variations from the national average 
result from the same variations in age of urban areas and 
population size distribution of urban places that affect 
other regional urban population densities. re 


At present, the average density of urban population in 
the 48 States is approximately five persons per acre. In 
projecting the demand for urban land in 1980 and 2000, it was 
assumed that overall regional and State population densities 
will tend to approach this national average, and that incre- 
mental changes in urban land by region and State between 1960 
and the target years will occur at the rate of 1 additional 
acre of urban land per five additional urban residents. This 
assumption is based on the following reasoning: 


(1) Densities in the largest urban places 
(measured in terms of population size) 
are decreasing towards the 1960 na- 
tional average. 
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(2) Densities in the smallest urban 
piaces wiil increase towards the 
1960 national average as these 
places increase in population 
size. 


Projections of the demand for urban land in 1980 and 2000 are 
presented in table 59. 


Rural Land Withdrawn for Trans ortation and 
Other Ri hts-of—wa 


Rural land withdrawn for transportation uses is de- 
fined in this report as the area of rural land withdrawn by 
highways, railroads, and airports from primary use for other 
purposes. Measurements of this area of land in each region 
and State are available for the years 1959 and 1964. In. 

1964, rural land withdrawn for transportation uses comprised 
25.7 million acres (or 1.35 percent) of the 1,902 million acres 
acres of land in the 48 States. 2, 


Measurements of land areas used for rights-of-way for 
electrical transmission lines, natural gas pipelines, and 
petroleum pipelines are not available. The existing statis- 
tical information relating to rights-of-way used by these 
utility carriers is generally expressed in terms of line 
mileage. Further, because of the suitability of utility 
rights-of-way for multiple use, it 15 extremely difficult to 
determine the amount of land withdrawn for the exclusive use 
of any given utility. 


Given these difficulties, no attempt was made to deal 
explicitly with Land withdrawals for utility rights-of-way. 
Rather, estimates were made of current and future land re- 
quirements for each such utility, ignoring the possibility of 
the various utilities sharing common rights-of-way. _ Also, 
because the projections of urban land requirements include 


37 Data on rural land areas withdrawn for transportation 
ses are based on unpublished estimates, U.S. Department of 
Agriculture, Economic’ Research Service, Land Resources Branch. 
These estimates slightly understate rural land uses withdrawn 
for transportation uses because of exclusion of some land de- 
fined as urban by USDA, but as rural in this report. 
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10,977 
13,961 
18,623 
11,849 
143 
2G} 
83 
652 
468 
826 
435 
184 
896 
562 
7,441 
55,410 


2000 
9,413 
12,259 
16,649 
10,404 
v2.5 
142 
Te 
543 
418 
742 
391 
164 
TIEYT) 
498 
6,511 
48,727 


8,463 
21,225 
15,249 

9,558 

LS 
132 
68 
495 
388 
688 
365 
150 
736 
460 
5,963 

44,495 


7,249 
9,291 
12,599 
7,338 
85 
107 
cal 
387 
276 
514 
287 
124 
594 
368 
4,545 
36,477 


6,795 
8,825 
12,087 
81 
103 
49 
365 
266 
494 
275 
118 
568 
352 
4,311 
34,689 


6,982 
tes by USDA, Economic Research 


(in thousands of acres) 
6,501 
eyed) 
11,759 
77 
99 
47 
353 
258 
480 
269 
116 
550 
342 
4,167 
33,545 


Urban Land, 1960 and Projected 1980 and 2000 
6,758 


53 
74 
36 
202 
gy i 
288 
196 
46 
427 
238 
2,324 


4 
oO 
3 
p 
16) 
cl 


23,656 


oman 
dno 
ann 
+t Oo 


4,055 


Table 59. 





1960 data from unpublished estima 
Service, Land Resources Branch. 


e@cereneececen 


a/ 


Excluding Alaska and Hawaii. 


Californias... 5 


Montana. .\.%9. «6 6 
Ldahoce ce. nes 
Wyoming s(oc2 cece 
Colorado ne css siete e 
New Mexico....... 
Arizonale yee: ose: 
Utahizaevesees ces 
Nevadas coi eo 25: 
Washington....... 
OF GONE oe asthe s 





Northeast.......%..: 
North Central...... 
South.... 

West: 

United States? .... 
Source: 


NS 


a 
N 


the requirements for utility distribution lines, separate 
projections were made only for long-distance transmission 


lines. 


In 1965, there were approximately 260,800 circuit 
miles of overhead electric transmission lines (55,000 volts 
or apove) in the United States. In estimating electric line 
rights-of-way in 1965, it was assumed that each circuit mile 
requires approximately 100 feet of right-of-way width, on the 
average, Or about 12 acres of land.’ 


The land requirements for electric line rights-of-way 
in the future are assumed to increase at the same rate as 
electricity generation, by region, between 1965 and 1980. Be- 
tween 1980 and 2000, however, it is assumed that the exten- 
sive size of the system will permit an increase in the utili- 
zation of rights-of-way. Thus, the rate of increase in land 
requirements are assumed to be only 50 percent of the rate 
of increase in electricity generation. The medium projec- 
tions are, therefore, that 7.6 million acres will be required 
for electricity transmission in 1980, with 9.8 million re- 
quired in 2000, compared with 3.1 million in 1965 (table 60). 


The same general procedure was used in projecting the 
land requirements for gas and petroleum pipelines. It was 
assumed that each mile of line requires 25 feet of right-of- 
way, Or about 3 acres of land. Estimates of land requirements 
were made for 1965 and projected to increase at the same rate 
as gas and petroleum consumption between 1965 and 1980. 

Again, it was assumed that more efficient use of rights-of- 
way between 1980 and 2000 would result in a rate of increase 
50 percent of the projected increase in gas and oil consump- 
tion. 


The medium projections of gas pipeline land require- 
ments are 1.1 million acres in 1980 and 1.3 million in 2000, 
compared with 217,000 acres in 1965 (table 61). 


Petroleum pipelines requirements were estimates to be 
410,000 acres in 1966. The medium. projections are 577,000 
acres in 1980 and 988,000 in 2000 (table 62). 


Rural highway rights-of-way make up the bulk of rural 
land withdrawn for transportation uses. In 1959, rural high- 
ways occupied 20.4 million acres of land in the 48 States, 
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Region 


United states*/. 


Se re -Oen morceau HLcCcrLe Lines 





Right of Way Requirements, Estimated 1965 and 
Projected 1980 and 2000 


(thousands of acres, except where indicated) 







Actual 
circuit 
miles. . 


260:..8 S162 


Northeast..... 3244 389 
North Central. 78.5 952 
South... ...+-. . 87.4 1) 59 
West:2/ 62.8 761 
Montana..... 4.7 57 
Tdand a. << a< 4.9 59 
Wyoming..... am 38 
Colorado.... San: 38 
New Mexico.. PM fi 25 
SALPZON Ase « aus 4.2 bs fit 
Utah. <0.<'s' 29 35 
Nevada..... a 23 25 
Washington.. 728 35 
Oregon...<.. 5 ae 63 
.California.. 21.9 265 


a/ Includes Alaska and Hawaii. 


b/ Lines. of 50,000.vo 
percentage of total U.S. 







(Estimated) 
acreage 


lts and above apporti 


' 1965 1980 


BE eer. 







b/ 


74 78 
109 114 
51 54 
Li2 118 
38 40 
136 143 
111 116 
76 80 
114 120 
133 139 
805 847 


average right-of-way width. per circuit mile. 


9,242 


1,288 
2,756 
2,890 


2,308 


82 
134 
57 
149 
44 
178 
149 
101 
123 
168 
LLL ay hs 


(2>,UUU voits and above) 


2000 


9,803 


1,364 
27029 






























1,304 


2 


364 
632 
187 


15 
6 


15_. 
23. 


29 
26 
5 
5 
8 
6 





10,172 


1,412 
3,034 


3,184. - 


2,542 


914 
149. 


63 


164 = 
49. 


195 


162: 


112 
138 


184 
1,180. 


oned to regions on the basis of regional 
line miles; acreage requirement computed on basis of 100 ft. 


Source: 1965 circuit miles..from [3, p.56]. 
Table 61. Gas Transmission Pipeline Right of Way Requirements, 
Estimated 1965 and Projected 1980 and 2000 
(thousands of acres, except where indicated) 
1965 1980 

Region (Actual) a 

Pipeline |(Estimated) — |Low Medium High 
miles acreage 

United states®’..| 217 658 1,027. 1,089 1,135 
Noxrtheast...... 20° 62 96 101 106 
North Central.. 61 183 286 304 317 
S Ome bts, otis = <n. 2 105 319 498 528 550 
West :2/ 31 94 147 156 162 
Montana...... 3 8 12 13 14 
TAA Gio cicero « 1 3 5 5 6 
Wyoming...... 3 8 12 13 14 
Colorado. .... 4 sine 17 ag 19 
New Mexico... 5 14 23 24 25 
AFA ZONA. « « «ie » 4 13 ae PRP 23 
Wien: fi 5.23 ae « iy 2 4 4 4 
Nevwada......- 1 3 4 4 4 
Washington... 1 4 6 7 7 
OreGOn..---+-- 1 4 5 5 6 
California... 7 22 33 37 39 


a/ Includes Alaska and.Hawaii. 


b/ Pipelines have been apporti 
percentage of total U.S. 


25 ft. average right-of-way width per mile. 


Source: 


1965 pipeline miles from [1l, p. 122]. 


oned to regions on the basis of regional 
pipelines; acreage requirements computed on 
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1iremen 


’ 


peline Rights-of-Way Requ 


Interstate Petroleum Pi 


Table 62. 


Estimated 1966 and Projected 1980 and 2000 


(thousands of acres, except where noted) 
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California... 


ncludes Alaska and Hawaii. 
See corresponding footnote, table 60. 


a/ eat 1 


B/ 


1966 pipline miles from [2, p. 122]. 


Source 


rural railroads occupied 3.4 million acres of land and rural 
airports occupied 1.4 million acres of land [8, p.10]. Most 
of the land occupied by rural highways is used for locally 
controlled roads which serve primarily local purposes. In 
1964, locally controlled rural highways included 2.3 million 
miles (or 74 percent) of the total 3.1 million miles of rural 
highway in the 48 States [13, pp. 123-4], or about 14 million 
acres of rural land.3/ 


The demand for rural land withdrawn for transportation 
uses is related to several factors. First, the size and geo- 
graphic dispersion of the rural population has determined 
the mileage of locally controlled rural highways in the dif- 
ferent regions and States. The lightly traveled nature of 
this highway mileage has required relatively small areas of 
land per mile for rights-of-way, but in total has required 
a very large area of rural land. The area of rural land re- 
quired for such rights-of-way does not appear likely to in- 
crease substantially in the future. 


Second, the distance between urban centers has deter- 
mined the mileage of rural State primary and secondary high- 
ways, as well as the mileage of railroads. The level of traf- 
fic has determined the area of land required for State pri- 
Mary and secondary highway rights-of-way, but main-line 
railroads have generally occupied standard rights-of-way with 
a wide range of potential traffic capacity. In recent years, 
the mileage and rights-of-way area of rural main-line rail- 
roads has declined substantially, and most rural railroads 
carry a substantially lower level of traffic than their de- 
sign capacity. 


The area of rural land devoted to airport use appears 
likely to remain relatively constant. Many of the airports 
currently classified as rural are relatively close to urban 
areas. While the total area of all airports is likely to in- 
Crease in the future, the area of airports not located in 
urban areas is likely to remain constant because of the expan- 


sion of urban areas. 


In contrast, the right-of-way requirements of rural 
State primary highway networks have increased substantially 


3/ Estimate of rural land occupied by locally controlled 
rural highways by Robert R. Nathan Associates, Inc., based on 
right-of-way averages reported in [9, p.7]. 
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in recent years, as traffic volumes have increased, in 
response to growth in population and economic activity. How- 
ever, the decreasing area of rural land used for railroad 
rights-of-way and the expansion of existing highway rights- 
of-way has permitted rural highways to increase their capac- 
ity substantially without comparable increases in the total 
area of rural land withdrawn for transportation uses. 


The development of the Interstate Highway System has 
required particularly large rights-of-way per mile, and has 
made a major impact on rural land withdrawn for transportation, 
particularly in the 11 western States. In total, however, 
the completed 41,000-mile Interstate Highway System will re- 
quire only 1.5 million acres of new right-of-way, both rural 
and urban, or less than one-tenth of 1 percent of the 1,902 
million acres of land in the 48 States [9, p.75]. 


Changes in regional and State areas of rural land with- 
drawn for transportation uses between 1959 and 1964 vary 
widely. These changes do not appear to be directly related 
to regional or State changes in population or income over the 
same period. Instead, regional and State variations appear 
to result from differences in geographic size, distribution 
of population, and extent of existing rural transportation 
facilities. In the case of the 11 western States, variations 
also have resulted. from the location of particular States in 
relation to the Interstate Highway System and the Nation as 
a whole. In general, increases in rural land withdrawn for 
transportation uses have resulted primarily from increases in 
State primary highway and Interstate Highway rights-of-way. 


In projecting the most probable (medium) demand for 
rural land withdrawn for transportation purposes in 1980, it 
was assumed that increases in rural rights-of-way necessary 
to complete the Interstate Highway System as presently plan- 
ned would roughly approximate incremental changes in the rural 
land withdrawn for transporation uses by region and State. 

The projection for 1980 represents an annual growth rate of 
approximately 0.2 percent for the Nation as a whole between 
1964 and 1980. 


The medium projection for rural land withdrawn for 
transportation uses in 2000 was based on the 1980 medium pro- 
jections and assumed an annual growth rate of 0.2 percent be- 
tween 1980 and 2000 for each region and State. ‘Low projec- 
tions for both target years are equivalent to 1964 acreages 
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of rural land withdrawn for transportation uses. High pro- 
jections for the target years represent 105 percent ot 
medium projections for the same years. Projections of rural 
land withdrawn for transportation uses in the years 1980 and 
2000 are presented in table 63. 


Rural Land Withdrawn for Second Homesites 


Rural land withdrawn for second homesites is defined 
in this report as the area of rural land withdrawn by second 
homes from primary use for other purposes. This definition 
is intended to include only the rural land area which is pri- 
marily used by second-home owners for recreation purposes and 
to exclude agricultural and forest land surrounding second 
homesites which is not primarily used for recreation purposes, 
although legally owned by the second-home owner. The number 
of second homes was estimated using information presented in 
the 1950 and 1960 Censuses of Housing.4/ Measurements of 
rural land withdrawn for second homesites are not available 
for the regions and States of the contiguous United States or 
for the Nation as a whole. We estimate that the area of 
rural land withdrawn by the average second home was 2 acres 
as of 1960, and that the total area of rural land withdrawn 
by second homesites comprised approximately 3.3 million acres 
(or 0.17 percent) of the 1,902 million acres of land in the 
48 States. 


Between 1950 and 1960, the total number of second 
homes (both urban and rural) increased substantially through- 
out the 48 States, both absolutely and in proportion to total 
population. In the aggregate, these changes are related to 
increases in population, personal income, and leisure time. 
Measured in proportion to total population, however, the num- 
ber of second homes per 1,000 persons varied widely by region 
and State in 1960, the result of ‘the historical role of some 
regions and States as vacation areas for adjoining States, 
variations in personal income, and variations in the acces- 
sibility of outdoor recreation facilities and opportunities 
to the urban population. 


47 The number of second homes in 1950 was assumed to be 
@quivalent to the number of nonresident dwelling units plus 
the number of seasonal dwelling units reported in [5, table 
17]. The number of second homes in 1960 was assumed to be 
equivalent to the number of vacant housing units held for 
occasional use, plus the number of seasonal housing units 
[6,. eable Sis 
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Rural Land Withdrawn For Transportation Uses, 1964 and Projected 
1980 and 2000 


Table 63. 


(in thousands of acres) 
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Northeast... 2.6 <: 


2,200 
11,720 


2,100 
11,160 


1,970 
10,590 


2,120 
11,260 


2,020 
10,720 
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10,593 
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500 
490 
460 
1,330 


480 
470 
440 
270 


450 450 460 480: 450 
332 


415 
1,189 


Nevada........ 


330 
420 
DL Aue: 


470 
440 
1,280 


450 
420 
1,220 


330 
420 
1,190 


Washington.... 
Oregon... 


Calaifiornidancms ae 


25,690 27,500 28,860 


26,420 27,740 


25,690 


25,693 





United Statesa/_.., 





3 


Excluding Alaska and Hawaii. 


1964 data from unpublished estimates by USDA, Economic Research 


Service, 


. 
= 


Source 


Land. Resources Branch. 


The Northeast exhibits a high proportion of second 
homes in relation to total population because of its histori- 
cal role as a vacation area, high personal incomes, and the 
relative inaccessibility of outdoor recreation facilities and 
opportunities to its highly urbanized population. In contrast, 
the South exhibits a low proportion of second homes because 
of low personal incomes and the relatively high accessibility 
of outdoor recreation facilities and opportunities to its less 
urbanized population. 


To project the total number of rural and urban second 
homes for the years 1980 and 2000, the growth rates during 
the period 1950-60 in total second homes were examined and a 
base projection of 15 second homes per 1,000 total population 
in the target years was made. The base projection was adjust- 
ed by region and State, using an index of second homes per 
1,000 population in 1960 by region and State in relation to 
the national average, to reflect the roles of some regions 
and States as vacation areas for adjoining States. Regions 
and States falling below the national average in 1960 were 
assumed to reach the base projection by 1980 and 2000. Ad- 
justed State and regional projections were then applied to 
1980 and 2000 projections of total population to determine 
the total number of second homes. 


To project the number of rural second homes for the 
target years, the ratio of rural to total second homes in 
1960 was examined by region and State and for the 48 States 
as a whole. In 1960, this ratio was 81 percent for the 48 
States, and regional and State variations were generally 
minor. In view of the large increases in total second homes 
projected for all regions and States, projections of separate 
rural-to-total second-home ratios for each region and State 
would not be meaningful. For this reason, it was assumed 
that 80 percent of the total second homes in each region and 
State in the target years would be located in rural areas, 
based on a rounding of the 1960 ratio. 


Based on current trends in the development of planned 
rural second-home communities, it is estimated that incremen- 
tal changes in the number of rural second homes between 1960 
and the target years will withdraw an average of 1 acre of 
rural land per rural second home. Projections of the rural 
land area withdrawn for second homesites in 1980 and 2000 are 
presented in table 64. 


=22 1 = 


1980 and 2000 


Rural Land Withdrawn for Second Homes, 1960 and Projected 
(in thousands of acres) 


Table 64. 
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Department of Defense and 


Used for Military Purposes, 1966 and Projected 1980 and 2000 


(in thousands of acres) 


Rural Land Controlled by the U.S. 


Table 65. 
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CHAPTER X 
WATER USE 


In this chapter, projections of the requirements for 
water in 1980 and 2000 in each of the regions considered in 
this study are presented. Because most water-use data is re- 
ported by drainage areas, it was necessary to rely exclusive- 
ly on data provided by the U.S. Geological Survey (USGS), the 
only agency reporting water use in all categories by States 
[3]. 


The USGS has made water-use surveys at 5-year inter- 
vals since 1945. Because of attempts to make each new survey 
more complete and accurate than previous surveys, however, Ef 2 
proved impossible to reconcile data in the latest survey with 
previously collected data in constructing meaningful time 
series. For this reason, the projections in this chapter are 
based on cross-section analyses which incorporate data from 
the 1960 survey. 


Projections have been made for the water requirements 
for public supplies, self-supplied industry, and irrigation. 
Water requirements for public supplies are defined as the 
total requirements for water for municipal, domestic, and 
commercial use, and the proportion of industrial water sup- 
plied by public water systems. Self-supplied industrial wate 
water is defined as all industrial water not supplied by pub- 
lic supplies. Irrigation requirements are based on projec- 
tions of irrigated acreage in each of the regions. Because 
rural domestic water requirements represent less than 2 per- 
cent of water requirements in the United States, excluding 
waterpower, no projections were made for this category of 
water use. 


Multiple regression equations were developed to explain 
and describe the use of industrial water provided by public 
supplies. Estimating equations were also used to determine 
the consumption of water from public supplies. For domestic 
and municipal water, self-supplied industrial water, and irri- 
gation, projected water requirements were based on relation- 
ships determined by the USGS surveys. 
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In 1960, almost 266 billion gallons per day were with- 
drawn from streams and ground water Supplies for municipal, 
domestic, industrial, and irrigation use. The medium projec- 
tions indicate that by 1980 requirements will increase to 
441.6 billion gallons, or more than 60 percent. The medium 
projection for 2000 is 630.8 billion gallons, representing an 
increase of more than 150 percent during the 40-year period 
(table 66). 


Water Requirements for Public Supplies 


Water used for public supplies includes all water 
pumped into public water supply systems. This water is used 
for municipal purposes, such as firefighting, street flushing, 
and public uses; for domestic purposes, such as bathing, wash- 
ing, and lawn irrigation; and for commercial and industrial 
uses. It should be noted, however, that only a small per- 
centage of water for industrial uses is provided by public 
Supplies. 


In projecting the water requirements for public supplies 
in 1980 and 2000, projections were made of the population 
served by public water systems, total water withdrawn, water 
delivered for municipal and domestic uses, water delivered 
for commercial and industrial uses, the consumption of water 
(by evaporation or incorporation in products, animal tissue, 
vegetative growth, etc.), and water discharged to be returned 
to streams and ground water storage areas. ; 


Populations Served by Public Water Systems 


The population served by water from public Supplies is 
somewhat larger than the urban population discussed in Chapter 
II. The reason for this difference is that small communities 
with populations of less than 2,500 are not included in the 
Bureau of the Census definition of an urban place [2]. Many 
of these small communities, nevertheless, have public water 
systems. 


In projecting the population which will be served by 
public water supplies in 1980 and 2000, it was assumed that 
the relationship of this segment of the total population to 
the urban population, as defined by the Bureau of the Census, 
would remain relatively constant. It was also assumed that 
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the extension of service to nonurban areas will match the 
growth rate of urban populations. The projections of popula- 
tions to be served by public water supplies are shown in 
table 67. 


Water Withdrawals for Public Supplies 


In 1960, total water withdrawals for public supplies 
in the United States amounted to almost 21 billion gallons 
per day. According to the medium projections, the require- 
ments for water for public supplies will increase to 34.8 bil- 
lion gallons per day by 1980 and 50.3 billion gallons pér day 
by 2000 (table 68). 


Municipal and Domestic Water Requirements 


The amounts of water withdrawn for municipal and do- 
mestic uses are small, relative to water withdrawn for other 
purposes. In 1960, municipal and domestic uses of water ac- 
counted for only slightly more than 5 percent of all water 
withdrawals (table 66). 


An analysis of the available data indicates that munici- 
pal and domestic uses of water will be determined by two major 
factors. As incomes increase there will be a tendency for 
the per capita use of water to increase. More swimming pools, 
automatic appliances, and air conditioners will tend to in- 
crease per capita use. On the other hand, increasing densities 
of urban populations, resulting in a greater number of apart- 
ments and other multifamily dwellings, can be expected to re- 
strict per capita consumption. The impact of population den- 
sity on regional water use is apparent when the per capita use 
in the densly populated Northeast, North Central, and South 
are compared with the West (table 69). 


Because it is difficult to determine exactly how these 
factors will weigh in the future, the projections of municipal 
and domestic water use are based on the assumption that the 
positive and negative factors which could cause changes in per 
Capita water use will tend to cancel out. Thus, the per capita 
use noted in 1960 was projected to 1980 and 2000 for each re- 
gion analyzed. The range of total water-use projections has 
been determined, therefore, by the range of the projections of 
population served by public water systems. 
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ic Water Supplies, 1960 


1980 and 2000 


(in thousands) 


Table 67. 


y Publ 


Population Served b 


and Projected 














1960 
(actual) 


=} 
ie} 
“4 
so) 
vo 
m% 


253 , 302 275,599 309,516 


215) 7051 


133,894 





204,839 


198,296 





United Etates?’..... 


61,385 69,541 


56,430 


46,476 48,007 


38,537 





Northeast. .6..0..5.6¢ 


50,403 


51,948 53,660 BG 330 65,072 70,798 Cele) 


3 6y, 156 


North Central...... 


99 762 
62,696 


88,065 
55 ap 


68,421 80,941 
39,894 50,859 


63,100 65,178 
36,772 37,994 


36,769 
22,432 


rN 
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MONE ANAS 02 660 os aise 
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WYOMTNGS ..%556,.<6.. 
GOLOrAadO. so iiccdrc s.2 0 
New Mexico........ 
SENT ON. tas oa cle clans 
RRR GRETES co 0) 0, di's- 39,5 ‘slave 0 
NOMTIGAAD «616560 wb aces 
Washington........ 
OLSGON. stsieicts ctvere x 





a/ Excludes Alaska and Hawaii. 


1960 data from [3]. 


Source: 
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Table 68. 
and Projected 1980 and 2000 


‘(Million gallons per day) 








Water Withdrawn for Public Supplies, 1960 

















Region 1960 : 1980 : 2000 
A be Ce mee | (actual) s Low Medien) @ High | Low fi Medium | High 
United States?’ B08 Bn 20,508 33,484 34,837 36,143 45,593 50,330 55,624 
Northeast........-. 5,180 WKS 7,480 7,748 9,409 10,416 1 520 
North Central..... 5,438 8,363 8, 715 9,026 Le AALS) 12,445 US 057 
SOU tener. fel le ete ees 4,903 8,743 9,080 9,431 12,141 13,398 14,885 
West :2/ BBicio Sago so 4,987 972025 9,562 97938 12,827 14,071 157,682 
Montana........- 113 189 OW, 205 247 270 302 
IOBNN GG no aroed a6 118 232 245 252 312 345 380 
Wyoming.......-- 58 91 94 98 120 ie yt 148 
Colorado. 2... 298 550 574 SWE VUE 855 947 
New Mexico...... 108 201 208 217 309 336 Bio 
[MENA VES S06 OG He Low 346 361 376 534 590 656 
Utalaiewey. -1everusts k= 222 348 360 378 51 556 628 
Nevada........-. ue, 222 230 242 309 340 Sail 
Washington...... 770 V,376 1,420 1,461 1,818 2,007 2.94 
Oregon........ ae 390 655 684 709 829 913 Oud 
California... . 2,680 4,992 5,189 5,405 7,063 BUS) 8,660 





a/ Excludes Alaska and Hawaii. 


Source: 1960 data from [3]. 


Table 69. Municipal and Domestic Requirements for Water from Public 


Supplies, 1960 and Projected 1980 and 2000 
(millions of gallons per day, except where noted) 














1980 
pes ae Low | Medium | High 
sake Gteee’/albiao26 Mtoe e & 201943 ya 21,632 ' 2249S 0.27, 
Northeast..... 3,352 87 4,043 4,176 4,385 4, 
North Central.| 3,248 90 4,675 4,829 5,070 Bye 
SOuitie craic sus ese Q3.83 92 5,805 5,996 6,295 Che 
WEat ee oe ee 3,943 176 6,420 6,631 6,965 8, 
Montana..... 94 208 144 150 157 
Idaho.......- 62 138 97 100 105 
Wyoming.....- 46 212 68 70 73 
Colorado.... 220 147 317 327 344 
New Mexico.. 96 145 170 175 184 
Arizona..... 130 133 271 281 295 
Utahiewe « em re 210 287 315 325 343 
Nevada...... 65 285 166 171 181 
Washington.. 460 204 590 609 639 
Oregon......- 260 188 363 374 394 
California..| 2,300 169 3,919 4,049 4,250 ayy 


a/ For population served, gallons per day. 
b/ Excludes Alaska and Hawaii. 


Source: 1960 data from (sik 


070 229,454 33,122 
909 5,340 6,050 
856 6,372 6,976 
447 8,102 9,178 
858 9,640 10,918 
183 199 225 
122 132 150 

87 95 109 
420 459 519 
261 283 322 
411 450 508 
459 498 565 
213 233 262 
775 843 954 
471 513 580 
456 5,935 6,724 


In 1960, according to the USGS survey, approximately 
13.9 billion gallons of water were used for municipal and do- 
mestic purposes each day. Further, the use of water for 
these purposes was relatively evenly divided among the major 
census regions of the Nation. The low per capita use of the 
eastern region was offset by large populations, whereas the 
relatively small population of the West offset high per capita 
use (table 69). 


By 1980, increased incomes and the build-up of popula- 
tion. in the South and West will result in pronounced regional 
differentials in municipal and domestic water use. These 
differentials will become more substantial by 2000. In 2000, 
the South and the West will require almost twice as much water 
for municipal and domestic purposes as the Northeast and North 
Central Regions (table 69). 


Industrial and Commercial Water from Public Supplies 


In 1960, approximately 5 percent of total industrial 
water was provided by public supplies. The regional projec- 
tions of industrial water provided by public supplies are 
based on estimating equations determined by regression 
analysis. Because no time series were available, a cross- 
section analysis of regions was made for 1960. The analysis 
indicated that three factors -- the number of urban places in 
each region, manufacturing output, and the ratio of regional 
manufacturing to all nonagricultural economic activity -- ex- 
plained almost 100 percent of the regional variations in the 
industrial and commercial use of water from public supplies. 


In regions with large numbers of communities with siz- 
able populations and high manufacturing output, in both abso- 
lute and relative terms, industry tends to use relatively 
large amounts of water from public water systems. This can 
be attributed to the diversification of industry in these 
urbanized regions which results in a relatively larger number 
of industries, particularly service industries, that use small 
amounts of water. Such industries often find that it is more 
economical to purchase water from public systems than to sup- 
ply their own needs. - A second factor is that in regions 
characterized by large numbers of sizable communities, public 
water supplies are more likely to be designed to provide 
water for industrial uses. 
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_ amounts of water 


For the contiguous regions of the Nation, the medium 
projections of industrial water to be Supplied by public water 
systems are 13.2 billion gallons per day in 1980 and 20.9 bil- 
lion gallons per day in 2000 (table TON 


Consumption of Water from Public Supplies 


Most of the water used by industry and municipalities 
is eventually returned to the watershed Supply. Thus, depend- 
ing on how it has been altered as a result of use, it can be 
used again, perhaps several times. The USGS estimated that 
3.5 billion gallons per day, or about 17 percent of the water 
withdrawn for municipal and domestic uses in 1960, was con- 
sumed [3, p.3]. Because industrial use results in greater 

: : consumption than municipal and domestic use, 
regions which have public water systems that provide large 
Supplies of water to industry, relative to the amounts supplied 
to municipal and domestic users, tend to consume relatively 
more water than systems that primarily supply domestic users. 


In projecting water consumption, estimating equations 
were determined by regression analysis. Three factors explain- 
ed more than 90 percent of regional variations: the number 
of urban places in each region, industrial uses of public sup- 
plied water relative to municipal and domestic uses, and non- 
agricultural regional output per capita for urban populations. 
To a large degree, these factors reflect the efficiency of 


public water systems and the patterns of water use in each 
region. 


} In regions with large numbers of urban places and siz- 
able concentrations of population, public water systems prob- 
ably tend to be more efficient, thereby reducing losses re- 
sulting from leakages, because of the need to plan and main- 
tain extensive distribution systems. The size of the system 
also influences the quality of system management and the 
availability of trained personnel. 


Finally, the nonagricultural output per capita of urban 
population in each region reflects the structure of regional 
industry and industrial patterns of water use. Large manufac- 
turing output per capita, probably indicating concentrations 
Of heavy industry, results in larger relative consumption than 
low output per capita, indicating little manufacturing activity 
Or concentrations of light industry only. 
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Industrial and Commercial Requirements for Water 
(Million gallons per day) 


from Public Supplies, 1960 and Projected 1980 and 2000 


Table 70. 


Some technological changes can be anticipated during 


| | QS Ben! + Soa ara minoeie the next 30 years. Also, as urban areas grow, it can be 
ES ORI Olga CPO aS OETA So anticipated that public water systems will become more ef- 
Satie t Se fences eee a ficiently managed and maintained. The medium projections of 
ea is St the consumption of water used from public supplies are 3.7 
billion gallons per day in 1980 and 4.3 billion gallons per 
ee een aio aoe mm day in 2000 (table 71). From a total of 34.8 billion gallons 
le 2 Se =| See oem bal own et ie OS per day which will be withdrawn for public supplies in 1980, 
2 a eae pa a pee 31.2 billion gallons will be returned to the watershed. In 
i LOle Cum tnnekDie init cash ioe 2000 from a total of 50.3 billion gallons withdrawn, more 
| =) N than 46 billion gallons per day will be returned (table 72). 
| 
| > elo ew © Se a ess Water Requirements for Self-Supplied Industry 
TEE Mera ae Re ang eg emer, eee. 
: a coe a hed 1 ee eer ae rd 
Pa As indicated above, most industrial water in the United 
States is self-supplied by the water-using industries. Be- 

eaiaes aRS 8 OG) Oe eS ver te } cause a prerequisite for establishing a water-using industry 

AbeeRaaeen- 80) tao) dN comet : in any given location is the availability of water, industrial 

Re a er ae ere hee a: 4 water use, second only to irrigation as the major use of water, 

ot is largely concentrated east of the Mississippi River. Further, 
again in contrast to irrigation uses, only a small part of 

Eh nn wt © tT A RHNHTKEMONARAOCO water used by industry is consumed. “In 1960, about 2 percent 

cr Pigs Pe gilt he ie SE a wet of the total industrial water used was consumed. 

Ol eae Cea aa eee A 

=} 

Water has many industrial uses, including processing, 
cooling, washing, conveyance of materials, boiler fuel, and 
4 mM 2 DO VN MNMNMHANMOOAM Sanitation. Because of varying quality requirements for water 
Se ah ae Oar pets Sued atch a for industrial uses, almost 25 percent of industrial water is 
tsi a Ra Sad as = saline. About two-thirds of industrial water withdrawn in the 
St ee en West is saline, whereas only 20 percent is saline in the East. 
: 

—) A eo Ose SET ie te tS 5 ee : In projecting the overall requirements for self-supplied 
we ms o = nee a a oe aAM o om industrial water in the various regions, use was made of the 
ap So ks Saat a Oe Se io ita ratio of public supplied per self-supplied water. There were 
a aac 3 & two reasons for relying on this ratio. First, regression 

= cE ae analysis of public supplied industrial water indicated that 

A : : . Seg are cnet re ee a see P bad industrial structure, manufacturing output relative to other 

5 eg Te reer gt ee ees eee es Soc economic activity, was a major determinate of public supplied 

eee te is ee Ee aes ase Pa Hg industrial water use. The projections of industrial structure 
= para Rh: AAR ladies i. Pee Sear aha er required to project the industrial use of public supplied water 
UE a te a or Be ie laa IR aS also apply to projections of self-supplied water. 

DY > Soul yettea gether op oi wo Quiet oe Aa 8 . 

Wee o PUG A oe ante aio Oo a 

yp a oO *~—nN WORHEO #* UA OW 3 ; ( Aen ‘ 
wo > ol YaeO Ng o oes ni os Second, the ratio reflects the availability of water in 
Le) nba re v 60 S95 3 up YONG x Oo each region for industrial use. Regions where water is readi- 
gh he oe BHSZEOSZAOZEOV yi ly available attract large water-using industries; that is, 

rd Zz va) Yn = me 3 

& ol n 

3) 
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Table 71. The Consumption of Water from Public Supplies, 1960 
and Projected 1980 and 2000 ; 


(Million gallons per day) 





1960 1980 
(actual) 





tow | Medium] High 


United staten’ oe 3,434 a S61 3,679 3,861 4,032 4,251 4,712 
Northeast......... 653 797 823 864 865 883 1,000 
North Central..... 736 816 843 885 883 960 981 
Southi< = Sohn cone ae TpE75 1,145 1,183 1,240 ee Se 1,336 1,514 
Wists! eure dil ait 870 803 830 870 987 1,072 Leek] 

Montana; .% << smale 56 43 45 47 52 56 64 
TadahGes Gc. «0% ais 18 14 15 > uy, 18 21: 
Wyoming... i. ss ds 34 24 25 26 30 33 oy 
Colorado..... ee 69 61 63 66 72 78 89 
New Mexico..... . 49 47 48 51 65 70 80 
ATTZONAS cis. o srctane 74 83 86 90 109 120 5 
Utalit .% <<. of eee 45 39 40 42 50 54 62 
Nevada...... oleh 42 64 65 69 74 80 91 
Washington...... 77 56 58 61 70 76 86 
Oregon.....o..0s< 36 31 32 33 35 38 43 
Californias, «see 370 341 353 370 413 449 509 


a/ Excludes Alaska and Hawaii. 


Source: 1960 data from [3]. 


Table 72. Projections of the Discharge of Water from 
Public Supplies, 1960 and Projected 1980 and 2000 


(Million gallons per day) 


1960 1980 
(actual) 


Low Low 





United States?/ areata 17,074 29,923 31,158 32,282 41,561 46,079 2505912 
Westheast.. .<simsrs - 4,527 6,379 6,657 6,884 8,544 97433 10,520 
North Central..... 4,702 7,547 7/872 8,141 20,333 11,485 12,556 
ALAR So os 4 ikaw o 3,728 7,598 7,897 8,189 10,844 12,062 ae, 37 1 
West :2/ Sea ete «% 4,117 8,399 8,732 9,068 11,840 124999 14,465 

MoMEaNna...2.s65 57 146 152 158 195 214 238 
BAARO sb ssi a eis 100 218 230 237 295 B27 359 
WYOMING = .- dni ac 24 67 69 72 90 98 VL 
Coforado...c. sat F 229 489 SLL 529 703 777 858 
New Mexico...... 59 154 160 166 244 266 eh) 
AGI ZONA . «+ 4s. oan a 77 263 275 286 425 470 5Zu 
Miah- 22. t.i 2. ee 177 309 320 336 461 502 566 
Nevada....... one 37 158 165 LPs 235 260 286 
Washington...... 693 1,320 1,362 1,400 1,748 L831 2,108 
OKEGON .. o..42:5 558 ° 354 624 652 676 794 965 968 
Calafornia..ogse 2,310 4,651 4,836 5,035 6,650 7 (279 8,151 


a/ Excludes Alaska and Hawaii. 


Source: 1960 data from [3]. 





industries most likely to rely on self-supplies. In the re- 
gions where water is scarce, industries which use little 
water and can rely on public supplies are more likely to de- 
velop. By projecting the 1960 ratios to remain constant, it 
is assumed that the growth of large water-using industries 
relative to small water-using industries in any given region 
will remain constant. 


480,183 

94,310 
136,687 
184,097 


Eh pSe/ 


E 
3 
a 
uo) 
@) 
= 


445,208 
T2632 
170,839 


In 1960, the amount of water used for fuel electric 
power was more than two-thirds of all industrial self-supplied 
water (more than 102 billion gallons per day). Although ther- 
mal electricity generation is projected to increase several 
fold by 2000, it was assumed that withdrawals of water used 
in the generation of thermal electric power will increase at 
about the same rate as that for other industrial increases. 
This assumption is based on anticipated technological changes 
which reduce the quantities of water consumed in generating 
electricity, and on the increasing ability of generating 
plants to recirculate and reuse larger percentages of water 
withdrawn. 


3947 737) 
77,586 
111,667 
151,419 


281,050 
57/5, 983 
82,417 

101,161 


In 1980, the medium projection for industrial self- 
supplied water is 276.4 billion gallons per day. By 2000, 
it is projected that self-supplied industries will use 445.2 
billion gallons per day (table 73). 


and Projected 1980 and 2000 
(Million gallons per day) 
Medium 

276,365 
56,965 
80,958 
99,484 


54,017 
76,833 
94,774 


Water Requirements for Irrigation 


262,361 


The use of water in the United States for irrigation 
accounts for approximately 40 percent of the total water with- 
drawn from ground and surface supplies for all purposes (ex- 
cluding water power) and 80 percent of the annual consumption 
of water. Unlike the uses made of water for domestic and in- 
dustrial purposes, irrigation consumes about 60 percent of 
the water actually delivered to farms. In addition, substan- 
tial losses are also incurred in the conveyance of surface 
water between supply sources and actual acreage under irriga- 
tion. 


(actual) 
L392 52 
31,393 
45,326 
49,150 





Projections of Self-Supplied Industrial Water Withdrawn, 1960 


For the purpose of this study, estimates were made of 
withdrawal, delivery, conveyance loss, consumption, and dis- 
charge. Of particular significance is the fact that three- 
fourths of all water consumed through irrigation occurs in 
the western States, where almost two-thirds of the irrigated 
‘acreage were located in 1960. Projections of water used for 


Table 73. 
a/ 


North. Central... 
SOUEI a etetets a r0.te raters 


Gel ted) Staten kata 
NOGENREAS'ES wis wo tase ees 
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65,089 
1,814 
213 
914 
1,575 
394 
2,959 
3,991 
50,947 


60,331 
1,678 
199 
864 
1,450 
366 

25 718 
3,704 
47,184 


54,065 
877 
611 
412 

1,504 
180 
759 

1,300 
329 

2,489 

3,315 

42,289 


39,489 
658 
473 
322 

1,064 
124 
500 
875 
209 

962 

Zi Osi, 

307,395 


38,958 
644 
466 
300 

1,047 
124 
494 
875 
202 

1,936 

2,870 

30,000 


Bionaow, 
616 
434 
287 
987 
116 
463 
825 
192 

1,876 
2,704 
28),,.207 


La ooS 
260 
180 
150 
330 

45 

130 
300 

48 

740 
200 
10,000 


196U data from [3]. 


. 
. 


LAGHO LY. eho evan exe 
WYONG eesrsncrelovenys 
COLGLAGOR Geis ckerere 
New Mexico...... 
PEUZONA Geass xe-ecoke 
LIE AN retodetelenedercve vere 
N@Viad a elise Gicvereneiere 
Washington...... 
OREGON), iietalecsx01s1 
CatbP£OLIi aleccuctenvcns 


West 
MOI A aRlcreyetete veiers 
a/ Excludes Alaska and Hawaii. 


Source 


irrigation purposes were based on, ratios which were developed 
from data on withdrawals of average annual consumption, 
losses, etc., per acre under irrigation. 


Data behind the projections were drawn from two sources. 
The USGS provided estimates of acres under irrigation and wa- 
ter delivered, consumed, and lost in conveyance, by State, for 
the year 1960. The U.S. Department of Agriculture (USDA) pro- 
vided irrigated acreage requirements for the years. 1980 and 
2000.1/ The two series of data for irrigated acreage were 
not. directly comparable, however, because of a basic differ- 
ence in the measurement of acreage by the two agencies, and 
because the USDA projections were on a water basin, rather 
than a State, basis. The procedures used by the two. agencies 
in developing irrigated acreage figures during the 1959-60 
period produced a differential of approximately 6 million 
acres -- 39 million acres estimated by USGS versus 33 million 
million acres estimated by USDA. Allowing for the downward 
bias inherent in the USDA census-taking method and the upward 
bias of the USGS, the true figure probably lies somewhere be- 
tween the two estimates. 


In 1960, it is estimated that 39 million acres were 
irrigated. The medium projection for 1980 calls for more than 
46 million acres to be irrigated. By 2000, it is expected 
that 53.3 million acres will be irrigated (table 74). 


The term “withdrawal“ refers to the total diversion of 
water from surface or underground sources for the specific in- 
tent of applying this water to land carrying either cash or 
fodder crops. Water withdrawn for irrigation is almost always 
the result of prior capital investment projects, such as well 
drilling in the case of ground water supply, and storage facil- 
ities as provided by single or multipurpose dams for retaining 
surface water. It is important to note, therefore, that fu- 
ture levels of water used for irrigation implicitly assume not 
only forecasted acreage requirements but also the capital im- 
provements necessary to store, transport, and apply water to 
this acreage. Because of the major role taken by Federal and 


I7_U.S. Forest Service and Economic Research Service. Pre- 
Timinary Projections of Economic Activity in the Agricultural, 
Forest and Related Economic Sectors of the United States 
and Its Water Resource Regions: 1980, 2000, and 2020. Unpub- 
lished mimographed report for the Water Resource Council. 


July 1967. 
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Percent 
increase 
1960-2000 

127 
33 
66 


54,835 
397 
5,615 
17,472 
21,351 


in the Agri- 


Ssyssu 
386 
5,457 
16,996 
mimeographed 


30,499 
[3] and percentage 


it 


. 


1v 


48,891 
355 
5,004 
15,568 
27,964 


High 
51,969 
338 
5320 
16,313 
29,998 
of Economic Act 


ections 
Related Economic Sectors of the United States and 


50,550 
328 
5,170 
15,869 
29,183 


Pro 


& 
5 
or 
ue, 
a) 
= 


-2000, by USDA (U.S. Forest Service and Economic 


tion acreage estimates for 1960 


46,332 
301 
4,741 
14,536 
26,754 
irriga 
imina 


(thousand acres, except where noted) 


Irrigated Acreage, 1960 and Projected 1980 and 2000 
Prel 


1960 
(Actual) 
39,000 
170 
4,102 
10,238 
24,490 
1960-80 and 1960 


Table 74. 


New Mexico.... 
report for the Water Resource Council 


Projections based on 
Its Water Resource Regions: 


Research Service. 
cultural, Forest 


increases, 


Excludes Alaska ‘and Hawa 


rk LL eae 
TAANO. ses «ss 
Wyoming....... 
Golkoragdov..:.-. 
Ar?D Zonas sees = 
WEAN 65 Sek. kas 
Nevada.......s. 
Washington.... 
Oregon....-+-+. 
California.... 


North Central... 
SoOWEns...ccceess 


Northeast....... 





United Bratesel(s, 


a, 
Source 


State Governments in the provision of such facilities, par- 
ticularly in the western States, government policies concern- 

ing water development projects were an important consideration 

in the estimates in this report. 


In 1980, the most likely estimate for water withdrawals 
for irrigation is 130.4 billion gallons per day, compared with 
106 billion gallons in 1960. The medium projections for 2000 
is 135.3 billon gallons per day (table 75). 


Conveyance loss refers to water losses between the 
point of withdrawal and delivery to the farm. This type of 
loss results from both surface evaporation and transpiration 
by phreatophytes, or deep-rooted plants, which live in the 
irrigation ditches and canals. Conveyance loss in the case 
of ground water supply systems is small because such water 
is either applied directly to the soil from the wellhead or 
is transported short distances in open trenches under arid 
climatic conditions. It is recognized that not all conveyance 
loss results in depletion; seepage back into acquifers occurs 
in unlined canals. However, no attempt was made in this re- 
port to estimate the amount so recovered from such discharge. 


The medium projection of total farm deliveries of ir- { 
rigation water are 103 billion gallons per day in 1980 and 
108 billicn in 2000. This compares with total deliveries of 
83 billion gallons in 1960 (table 76). Conveyance losses 
amounted to 23 billion gallons per day in 1960. For both 
1980 and 2000, conveyance losses are projected to be approxi- 
mately 27 billion gallons per day (table 77). 


Consumption of water for irrigation purposes represents 
another form of direct water loss through the transpiration 
of the plants being irrigated. The average annual consumption 
rate per acre depends on a number of interrelated factors, in- 
cluding the type of crop, the intensity of application, and 
the supply source. Where the cost of water is relatively high, 
as in the case of ground water, the application will be more 
selective as to crop and more carefully. controlled than in 
those areas drawing upon abundant cheap water supplies. Con- 
sumption per acre in the western States is approximately twice 
as high as in the South or Midwest and three times that in 
the Northeast. As might be expected, however, variation in 
consumption among the western States is much less pronounced. 
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Water Used for Irrigation - Withdrawal, 1960 and 


Table 75. 


Projected 1980 and 2000 


(Million gallons per day) 


=) 
fe) 
“d 
io) 
ov 
a4 


2000 
| Medium | 


< 
ey 
pe 
E 
a 
“dt 
ue} 
v 
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(actual) 





119,470 130,400 134,030 123,890 135,27 0 LS 8r.960 


106,046 


United States fone 


140 150 160 160 180 180 


78 


Northeast: 42..42%2% 


6,850 7,480 7,690 Tp OXY; 7,780 apo O 


6,010 


North Central..... 


25,000 
105,790 
8,660 
295 200 
5,430 
937-760 
2,650 
5,400 
5,020 
2,340 
5,890 
7,650 
29,220 


24,320 
102,990 
8,360 
LO 220 
5,430 
13,380 
2,480 
5,400 
4,710 
2,340 
D7 LO 
7 poLO 
28,450 


22270 
94,340 
7,740 
17,530 
4,820 
12,200 
2,310 
4,830 
4,390 
2,340 
5,250 
6,890 
26,060 


23,560 
102,620 
8,490 
19,290 
5,370 
13,520 
2,680 
5,510 
4,980 
2,330 
5,720 
7,500 
27,230 


22,920 
850 

©) 
8,190 
18,740 
5,370 
13,150 
2,510 
5,510 
4,670 
2,330 
5,530 
7,340 
26,510 


Oo 


20,990 
91,490 
1,580 
17,100 
4,780 
11,980 
2,340 
4,930 
4,350 
2535.0 
5,080 
6,740 
24,280 


14,908 
85,050 
6,800 
16,000 
4,400 
3930 
2,370 
5,800 
4,170 
2,080 
4,700 
6,300 
22,500 


UE als tetas cavaecese ise S 
Nevada.......... 
Washington...... 
OBEGOn statete tele sx 
Cala fornias..... 


New Mexico...... 
ATV ZONa cis 153.6 alee 


Weateernl eet yan 
Montana) ieee 65.2 s 
Tdahor ee... oe 
WYOMLNG/s «css 6 
COLOraAgOWers < «oc. 


SQUEN ULES ee whe ee 
a/ Excludes Alaska and Hawaii. 
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1960 data from [3]. 


° 
: 


Source 


= OTC 


cat En Bis 


Table 76. Water Used for Irrigation, Delivered to Farms, 1960 and 
Projected 1980 and 2000 


(in millions of gallons per day) 











Region 
High 


United Statesn the. 83,014 94,830 103,480 106,370 99,430 108,520 111,500 


Northeast. « « <u 78 140 150 160 160 180 180 

North Central.... 4,386 5,070 45,530 5,690 5,340 5,830 5,990 

Sows 6c. svsus sheeeus | 12,260 17,400 19,000 19 ,530 18,630 20,340 20,910 

west?/ Se ioe vasa) semen 66,300 2p 220 78,800 80,990 75777300 . 82,170 84,420 
Montana... <6 ise 5,100 5,760 6,220 6,450 57950 6,430 6,660 
TadaNOts.. « «.s clare 11,000 11,940 13,090 13,470 12,440 13,640 14,030 
Wyoming...... Sa 3,100 3,420 3,840 3,840 3,500 3,940 3,940 
Coloradon.. om 9,000 10,910 11,970 12,310 11,160 12,240 12590 
New Mexico...... 1,800 1,800 1,930. 2,060 1,800 1,930 2,060 
AGE Zonas a oi5< lalate 4,700 4,030 4,510 4,510 3,990 4,460 4,460 
Utah pccyee ancien A 3,400 3,580 3,840 4,100 3,650 3,910 4,170 
Nevadar sien. + sists P 1, 70:0: 1,920 1,920 1,920 1,950 1,950 1,950 
Washington..... 3), 700 4,040 4,400 4,550 4,210 4,590 4,740 
Oregons. «ters 4,800 5,200 5,660 5,780 5,380 5,860 5,970 
Californias cs aus 


18,000 19 ,620 21,420 22,000 21,270 237220 23,850 


a Excludes Alaska and Hawaii. 


Source: 1960 data from [3]. 


Table 77. Water Used for Irrigation, Conveyance Loss, 
1960 and Projected 1980 and 2000 


(In million gallons per day) 


; 1960 1980 ig 2000 ee 
0 0 0 











No3ptheasite 2.0.6.4 05 0 0 0 0 
Norpthecentral..: 5. sr). 1,624 7 OOme 1,950 2,000 1,780 17950 2,000 
So Pie, tis ta vans eiehewsne suse 2,658 3,590 3920" 4,030 3,650 3,980 4,090 
Wastes! ote Se eo Peete stare 18,750 189) ¥92.7:0 21,050 21,630 18,040 20,820 21,370 
MOWRANGS «2 cass ne ose 1,700 1,820 17970 2,040 1,790 1,930 2,000 
TRAM 2 cen Ghia ta. 3 co hele 5,000 5,160 1 5,650 /45378:20 5,090 5,580 5,740 
WYOMENGis 2 eee ees 1,300 1,360 Pl oS ep lsyske Beale) 1,490. 1,490 
Goloeradev. 21.5: .% ssi. 930 1 On7.O 1,180 ER2TO 1,040 1,140 157 157:0) 
New Mexico........ 570 540 580 620 510 550. 590 
POZO Als ene fous! ehdteuicne £100 900 1,000 1770'0'0) 840 940. 940 
Pittaiitea a ncts iets cache aie seneke 770 770 830 880 740 800 850 
NWenaitGhae eo) riety these ans 380 410 410 410 390 390 390 
Washington........ 1,000 1,040 1, Le6 1, 170 1,020 1,120 ESO 
QEEGOR.. .6 2 vin seo we ; 1,500 1,540 1,680 1,720 Ay Sy; 1,650 1,680 
Gaplishiaren dare .6. (<4) <0 4,500 4,660 5,090 Br PACKS) 4,790 5,230 Soho 


United states?/ of Bic 23,032 24,640 26,920 27,660 24,460 26,750 27,460 


a/ Excludes Alaska and Hawaii. 


Source: 1960 data from [3]. 


170 
4,130 
L577 200 
49,870 


The consumption of irrigation water in 1960 was ap- 
proximately 51 billion gallons per day. The medium projec- 
tions of consumption in 1980 and 2000 are 64 and 67.4 billion 
gallons per day, respectively (tables 78 and 79). 


170 
4,010 
14,690 
48,530 


The first step in this projection required the calcu- 
lation of delivery, consumption, and conveyance loss, as re- 
lated to the acreage estimates by region made by USGS in 
1960. The next step was the determination of the regional 
growth rates, as developed from the most recent data prepared 
by USDA. In developing these growth rates it was necessary 
to combine river basins into regions, as defined in this re- 
port, and, in the case of a few States (Oregon, Montana, 
Wyoming, and Colorado), to develop a weighted average growth 
rate based on the approximate acreage distribution of their 
territories in different river basins. 


150 
3,680 
13,450 
44,480 


Consumption, 





150 
She Bay 
14,100 
47,780 


The delivery, consumption, and conveyance loss rates 
per irrigated acre were then applied to the acreage projec- 
tions. Anticipating the results of current and continuing 
research programs directed toward the reduction of evapora- 
tion from storage facilities and the eradication of phreato- 
phytes, the conveyance loss estimates were reduced 5 percent 
for 1980 and 10 percent for 2000. From the estimates of 
these three series, it was possible to determine withdrawal 
(the sum of deliveries plus adjusted conveyance losses) and 
discharge (the difference between deliveries and consumption) . 





1980 
Medium 
140 
3,800 
13 LO 
46,390 


(In million gallons per day) 
‘Low 
130 
3,490 
12,560 


1960 and Projected 1980 and 2000 
42,520 


Water Used for Irrigation, 


Of particular importance in the assessment of the pro- | 
jections are the assumptions underlying the USDA estimates of 
acreage under irrigation for the years 1980 and 2000. The 
first set of assumptions are socio-economic and are summarized 
as follows (all figures in millions except PCI): 


Table 78. 
1960 
(Actual) 

74 
3,027 
8,849 

39,160 


1980 2000 


PODULAtCTON orsisys aie stole sie 's ore « 245.3 338.2 
EID OVINGT Giles ev araietcteel a aie ie arate ere 94.3 130.6 | 


Gross national product 
CEOS a= doll ass jie aethewie © sidtsca lela 's 1,001 2,144 


Personal income (1954 dol- 
WAT Si) tev orsiec ahh aia c-seiese ie ce ahs 785 1,680 


Per capita income (1954 dol- 
LAYS! e sais gethiecoe ieee eee oe ee 3.200 4,967 


Region 








a 
West:2/ 0 4 Sen ee 


NOE ER SCeIre ra ee eee 
South Ae.« sh Riese starts 


Northeast vem s 2 eke 


, 
a 
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3,140 
5,740 
2,410 
6,720 
1,480 
2,760 
2,820 
1,100 
£7670 
3,480 
18,550 
69,270 


3,020 
Sipoo0 
2,410 
6,530 
1,390 
2,760 
2,650 
1,100 
1,610 
3,420 
18,060 
67,400 


2,800 
5,090 
PRS AG) 
3 FOO 
1,300 
2,460 
2,470 
1,100 
1,480 
3,140 
16,540 
61,760 


3,040 
Dip DLO 
2,360 
6,670 
1,480 
2,780 
Pa TPO) 
1,090 
1,600 
3520 
eke) 
65,940 


2,930 
7350 
2,360 
6,380 
1,390 
2,780 
2,600 
1,090 
hy, 550 
3,300 
16,660 
64,040 


2,710 
4,880 
2,090 
5,820 
1,300 
2,490 
2,430 
1,090 
1,420 
3,030 
15,260 
58,700 


2,400 
4,500 
L900 
4,800 
1,300 
2,900 
2,300 
960 
1,300 
2,800 
,000 
,100 


14 
oi 


1960 data from [3]. 


Calerorngaa.. soon 


EGahOR on. ava whe Stee 
Wy ONL Ng s:.. 4-7 she cis here 
CGLGLAdG aca. es eae 
New Mexico........ 
ALIUZONAK oe Aate ic <8 
UTE AD ce ches aye ote see ote 
Nevada Jt oS ates « oie 
Washington... ..... 
OF CGOM tea 2iep steers os 


MO? Gattae cc sere cuccss s 
a/ Excludes Alaska and Hawaii. 


United’ Staten 0g 


Source 


-economic one. Un- 


litico 


derlying the projection for 1980 is the assumption that Fed- 


is a po 
eral water development projects now approved or on record 
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The second assumption 
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awaiting authorization to proceed prior to 1980 will be imple- 


mented. 


Privately developed irrigation pro- 


After that date, no specific Federal programs are 
jects are not affected by this decision and are assumed to 


built into the forecast. 
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and high estimates of agricultural 


High and low estimates also follow from this as- 
medium, 


sumption and are based on the percentage variations in 1980 
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product originating, as projected elsewhere in this report. 


proceed during the forecast period at their previous histori- 


cal rate. 
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INTRODUCTION TO APPENDIXES 


The technical appendixes to this report present the 
more detailed calculations and derivations made during the 
course of the study to allow further refinement of the pro- 
jections by others, and to provide a basis for comparisons 
with other studies. Also, the appendixes provide detailed 
explanations of the methodology used for the projections, and 
present the historical data from which trends were determined 
When used in conjunction with the text of the report, the ap- 
pendixes should allow others to reconstruct most of the pro- 
jections contained in the report. 
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APPENDIX TO CHAPTER II 


NATIONAL AND REGIONAL AGGREGATES 


Population 


The opinions of several demographic experts consulted 
during the study indicated that population projections based 
on the Census Bureau Series C assumptions are most likely to 
reflect demographic characteristics of the United States in 
1980 and 2000, For this reason, Series C assumptions were 
used for the medium projections in this study. 


Statistical Considerations 


Historically, fertility rates in the United States 
were much higher than the rates of recent decades. From a 
fertility rate of 126 per 1,000 women of childbearing age in 
1914, there was a fairly steady decline to a low of 76 to 79 
in the period 1933-39; the rate increased to 94 in 1943, and 
increased again after World War II. 


There has been a decline in the birth rate from 1961 
to the present, and current statistics do..not show any level- 
ing off. The decline has occurred not only in the crude 
birth rate (number of births per 1,000 of total population), 
but also in the more precise measures of fertility. Specifi- 
cally, the number of births per 1,000 women between the ages 
of 15 and 44, which ranged from 117 to 123 per year between 
1954 and 1961, declined to 105 for the year 1964 and to 97 
and 92, respectively, for 1965 and 1966. Figures for the 
first three quarters of 1967 indicate a further decline of 
about 3 points, giving a seasonally-adjusted fertility rate 
for the 9 months of slightly under 89. 


A similar decline in the fertility rate has taken 
place for women in specific age groups. For example, the 
age-specific fertility rate for ages 20 to 24, i.e., the num- 
ber of babies born to women of this age group per 1,000 
women in the group, declined from 254 in 1961 to 220 in 1964, 
and to 197 in 1965 (latest year available). The fertility 
rate for the 25-to-29 age group also declined, from 198 in 
1961 to 169 in 1964, and to 162 in 1965. These are the age 
groups which account for the majority of total births. 


NO = 





As a statistical curiosity, it may be noted that the 
birth rate per thousand of total population is even lower now 
than in the 1930's. This is due to the fact that the propor- 
tion of the population in the child-bearing age group is 
smaller than in the 1930's, and it has no significance for 
forecasting purposes. 


It is not obvious that the low fertility rate of 1967 
(or the still lower rates that would result from projecting 
recent trends into the future) is likely to prevail, or that 
higher rates, such as those of 1954-61, or something between, 
can be expected. The current rate would clearly fall below 
the Census Bureau's Series Cc projection. 


Human Factors 
ee EAC COX'S! 


Two factors which will affect the number of children 
born in the future are the extent of family planning and the 
number of children desired by each family. The most out- 
standing fact, agreed to by experts and borne out by the 
statistics, is that in a large majority of families in the 
United States the number of children is influenced by the 
intention of the parents -- births that are determined en- 
tirely by biological chance now form a minority of the total. 
Following are factors which will tend to raise or depress 
future fertility rates: 


There is a possibility that the recent decline in fer- 
tility, or some part of it, may be temporary; i.e., not an 
indication of a continuing downward trend in desired family 
size, but rather a result Of decisions to delay births. As 
a result, the fertility rate of women in the older age groups 
May increase. Thus, the result May be a temporary dip from 
previous fertility levels. This argument would run along the 
following lines: 


For the cohort of women born in 1937, for example, the 
fertility rate in the 20-to-24 age group (between 1957 and 
1961) was higher than the rate which has characterized the 
same age group since 1961. In the 25-to-29 age of the 1937 
cohort (between 1962 and 1966), the rate was not only lower 
than in the previous 4-year period, but was also lower than 
the rate which characterized the older cohort of that age 
between 1957 and 1961. The relatively high fertility rate of 
the 1937 cohort between 1957 and 1961 may not have reflected 
a desire to have a greater total number of children but, 
rather, to have children at an earlier age. z 
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By the same reasoning, it is possible that the cohort 
of women who were 20 to 24 years old in 1962-66, and had 
fewer children in that period, will have more children in 
their 25-to-29 age period than did women in the 25-to-29 age 
group in previous years. Thus, even without a change in the 
total number of children planned, the fertility rates for 
different age groups of women may change. 


More broadly, opinions and desires as to family size 
are likely to be affected by current social/psychological 
trends, or "fashion." As an example of changes influenced 
by social/psychological trends, almost half of the women in 
the cohorts born around 1910 had no children or only one 
child, whereas only about one-fifth of the women born in the 
1930's will have as few children. Future rates might be in- 
fluenced by social/economic conditions created by the avail- 
ability of more interesting work and the opening of profes- 
sions to women, which might tend to make large families less 
desirable than in recent years. Such trends in the periods 
from 1968 to 1980 and to 2000 could resemble those of the 
1954-61 period, tending toward larger families, or of some 
other period, resulting in smaller families. 


It is clear that the low fertility rates of 1931-41 
(the only years in which rates were lower than current rates) 
were the result of economic depression. It does not seem 
likely that a depression period like the 1930's or anything 
approaching it will occur between now and 2000, and it is 
possible that increasing affluence will increase the willing- 
ness to share family resources with more children. 


Conversely, to people born after 1945 and raised in 
relative affluence, circumstances in the future may not ap- 
pear to be so affluent as to provide a surplus for support- 
ing large families. Perhaps the high birth rate in the 
1950’s was related to the fact that life in that period 
seemed luxurious to people who had been raised in the 1930- 
45 period; it is doubtful that such a contrast will recur in 
the coming decades. 


The recent military mobilization and, especially, the 
posting of troops outside the United States have probably . 
been among the causes of the continuing decline in the fertil- 
ity rate. This study assumes, however, that no major war 
requiring large-scale mobilization will occur prior to 2000. 
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Unwanted children are born because of ignorance or 
neglect in regard to the use of birth control techniques. 
To the extent that this is the result of some combination of 
ignorance and poverty, the number of such births is likely 
to diminish over future years as affluence and the general 
level of education increase. 


A further influence in reducing the number of births 
is the development of drugs and devices which will make con- 
traception more convenient and/or more acceptable to many 
people. Scientific developments in this direction are likely 
to occur in the coming years. 


Birth control is especially likely to become more im- 
portant for the nonwhite population. A 1960 survey of atti- 
tudes and behavior associated with family planning indicated 
that nonwhite couples tend to want fewer children than white 
couples, but have been much less successful than weak 
couples in controlling family size [16, pp. 349-50].= 


Apart from possible changes in the official position 
£ the Roman Catholic Church on birth control practices, 
there may occur differences among the points of view of 
Catholics which may affect individual decisions in Catholic 
families. 


Rural families, and especially farm families, have 
consistently had more children than urban families. The 
trends indicate, however, that the rural population, and 
especially the portion consisting of farmers, is likely to 
continue to diminish relative to the general population. 


Regional Population Projections to 1980 


The Census Bureau projects two separate series under 
migration assumption II (which assumes reaional migration 
equilibrium in 2010). One series incorporates the Census 
Series B (high-fertility assumption), and the other incorpor- 
ates the Census Series D (low-fertility assumption). To 
make regional projections consistent with the national 


1/7 Figures in brackets in the appendixes refer to the Litera- 


ture Cited at the end of the corresponding chapter. 
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population projections, the regional figures of the Bureau 
of Census were treated as follows: 


(1) Since the national low population projection in- 
corporates a Series D fertility assumption, the II-D region- 
al projections (migration assumption II and Series D fertil- 
ity assumption) were used for the regional low population 
projections for 1980. 


(2) To derive the regional medium and high projections, 
which reflect (respectively) the Series C fertility rate and 
the mid-point between Series A and B, some adjustment was 
necessary. For the regional medium projections, the ratio 
of the Series C to Series D projections of the national popu- 
lation was used. Each II-D migration regional projection to 
1980 for the regions was multiplied by the C/D ratio, or 
1.0331. For regional high projections, the II-D migration 
projections for the region were multiplied by (A + B)/2D, or 
1.0844. It will be noticed that the approximations differ 
slightly when summed from the corresponding national projec- 
tions (in 1980). The reason is that national projections 
include Armed Forces overseas, whereas the regional projec- 
tions exclude them. 


Regional Population Projections to 2000 


To project regional population for 2000, population 
trends based on historical series and Census projections 
were determined for each region for the period 1950 to 1985. 
These trends, with regional populations expressed as percent- 
ages of national population, were then projected to 2000. 


Urban and Rural Population Projections 


The urban and rural population projections were based 
on projections poe by the Bureau of Public Roads (BPR) for 
1975 and 1985.2 Adjustments were required because BPR ac- 
cepted the Census Series B assumptions rather than the Series 
C assumptions used throughout this study. The percentages 
of the national and regional populations which will be urban 
in 1980 were calculated, by interpolation, from the adjusted 
projections. 


27. Unpublished estimates of urban and rural population in 
1975 and 1985, U.S. Bureau of Public Roads, 1965. 
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To determine national and regional urban populations 
in 2000, it was assumed that for the Nation and regions the 
increase of urban population expressed as a percentage of 
total population between 1985 and 2000 would equal the in- 
crease in this percentage between 1975 and 1985. Thus, an 
assumption of a diminishing rate of increase of urban popula- 
tion as a percentage of the total population of the Nation 
and of each region was incorporated in the projections. The 
ratios of urban populations to total populations were then 
applied to the national and regional medium projections for 
2000. These percentages were also applied to the high and 
low regional total population figures to determine regional 
high and low urban and rural populations. 


Labor Force and Employment 


National Labor Force Projections 


Prior to 1967 the Bureau of Labor Statistics (BLS) 
based labor force statistics on a definition of the vopula- 
tion of working ace as 14 years and over. Because this defi- 
nition was changed to increase the age of votenciai entry 
into the labor force to 16 years in 1967, it was necessary 
to adjust the 1965 BLS projections of the labor force partici- 
pation rates to 1980. For the national projections, the ad- 
justments were made by deleting the participation rates of 
persons under 16 years of age from the national averages. 

The adjustment of regional rates was somewhat more complicated 
because the BLS projections did not specify rates for persons 
between 14 and 16 years of age. 


Regional Labor Force Projections 


In order to make the regional labor force participa- 
tion rates consistent with the national rates, the percentage 
difference between the vrojected participation rate of each 
region and the projected national rate (unadjusted) was com- 
puted. These differences were then avplied to the adjusted 
projection of the national varticipation rate. It was assum- 
ed, therefore, that the relationship between the participa- 
tion rate in each region and the national rate remained un- 
changed even though the definition of the population of work- 
ing age was modified. 
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In order to apply the projected rates to the popula- 
tion of working age in each region, it was necessary to pro- 
ject regional populations of 16 years and over. (The Bureau 
of Census does not use age 16 as a breaking-point in its re- 
gional projections.) 


By dividing the national population projection of 16 
years and over for 1980 (166,553,000) by the Census Bureau's 
population projection of the population 18 years and over 
for the same year (157,251,000), the projected national popu- 
lation of 16 years and over was found to be 1.05945 times the 
population 18 years and over. Multiplying this coefficient 
(1.05945) by the Census Bureau's regional projections of pop- 
ulation 18 years and over, estimates of the regional popula- 
tions of 16 years and over were obtained for each region for 
1980. (The Bureau of the Census agreed with this method, 
and conceded that only in States with relatively large Negro 
populations would there be any significant error. Since the 
concern of this study is primarily with the western States, 
which have a relatively small Negro population, it may be 
concluded that the variance between States due to differing 
percentages of 17- and 18-year olds will be slight.) 


t 


To project a medium, high, and low labor force by re- 
gion, three participation rates (high, low, and medium) were 
multiplied by regional projections of populations 16 years 
and over. (Because all people in the 16-and-over category 
by 1980 are already born, only one set of population figures 
was used.) ; 


In. projecting national and regional labor force to 
2000, it was necessary to make medium, high, and low projec- 
tions of regional populations of 16 years and over from the 
national and regional population projections to 2000, and to 
make medium, high, and low projections of regional participa- 
tion rates. 


Given regional total population projections for 2000, 
it was assumed that by 2000 the existing variations in age 
distribution among regions would be insignificant, and that 
it would be reasonable to assume a uniform age distribution 
in all regions. Thus, the medium, high, and low figures for 
the national population of 16 years and over divided by total 
medium, high, and low national populations yielded the coef- 
ficients by which each region's total population figure was 
multiplied. The resulting percentages were 70.20 for the 
medium population projection, 66.42 for the high projection 
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(a lower percentage because the high projection would in- 
clude many more young people in the under-16 category), and 
972.85 for the low projection. Applying these to each region's 
medium, high, and low population figures, high, medium, and 
low projections were made for each region's population of 16 
years and over. 


The trend for each region's labor participation rate 
as a percentage of national participation rates from 1960. to 
1980 was then determined. These trends were extrapolated to 
2000, taking into account the assumption that there would be 
a tendency toward uniformity in regional labor force partici- 
pation rates; i.e., that deviations of regional participation 
rates from national participation rates will become less pro- 
nounced over time. 


The projected regional participation rates as percent- 
ages of national participation rates were then multiplied by 
the low, medium, and high national labor force participation 
rates projected for 2000; i.e., by 55.1, 62.3, and 63.1 per- 
cent, respectively. These rates were then multiplied by the 
low, medium, and high populations of working age. 


Regional Employment Projections 


In all projections of regional economic characteristics, 
it was assumed that there will be a constant trend toward a 
diminution of interstate differentials. A variable most sen- 
sitive to this trend is the regional differentials in levels 
of unemployment. Given the mobile nature of the labor force, 
the homogeneous nature of the American economy, and the in- 
creasing government programs in promoting regional growth, the 
likelihood of great unemployment differentials among States: is 
decreasing. For example, regional unemployment relative to 
national unemployment during the period 1950-60 indicates a 
consistent trend toward a lessening of regional differences. 


The basic method for projecting low, medium, and high 
regional employment for 1980 and 2000 was to begin with ratios 
of regional national unemployment rates for 1950 and 1960. 

The 1950-60 trend of this ratio was then projected to 1980. 
When the State-to-National ratio was over 100 in 1950 and 1960 
and a linear trend would have placed it under 100 by 1980 (or 
when it was below 100 in 1950 and 1960 and would have been 
over 100 by 1980), the 1980 ratio was assumed to be 100. The 
projected regional low, medium, and high percentages of the 
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labor force employed (1.00 minus the percentage unemployed) 
for 1980 were multiplied by the appropriate regional labor 
force projections for 1980. 


In all States and regions except Montana, Idaho, Col- 
orado, and Washington the prospective changes in the regional 
unemployment level, as a percentage of the national unemploy- 
ment level, converged to 100 by 1980. The States which did 
not respond in this manner were treated in the following ways: 


(1) In Idaho and Washington the unemployment level 
relative to the national unemployment level converged toward 
the national average, but at a relatively slower rate. It 
was assumed that the average annual rate of change between 
1950 and 1960 would continue to 1980 and would’ result in a 
percentage unemployment still slightly above the national 
level. 


(2) Montana and Colorado were closer to the national 
unemployment level in 1950 than in 1960; it was arbitrarily 
assumed that in 1980 they would be at their 1950 level of un- 
employment relative to national unemployment. 


It was assumed that differentials between regional and 
national unemployment levels in 2000 would be very small in 
the above four States, and that for States that are equiva- 
lent to the national level in 1980, there was no reason to 
assume a differential in 2000. It was assumed, therefore, 
that all regional unemployment rates will equal the national 
averages of unemployment in 2000. 


To project medium employment in 1980 and 2000 by re- 
gion, the medium labor force by region in 1980 and 2000 was 
multiplied by our medium national employment rate of 96 per- 
cent. However, for the four States for which the projected 
regional-to-national unemployment ratios in 1980 were differ- 
ent from 100, the following adjustments were made: 


(1) The projected 4-percent unemployment rate was mul- 
tiplied by the projected ratio of State-to-National level of 
unemployment; (2) the result was subtracted from 100 percent; 
and (3) the labor force was multiplied by the resulting fig- 
ure instead of by 96 percent. 
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To project high and low employment by region for 1980 
and 2000, high and low regional labor force figures for 1980 
and 2000 were multiplied by the high national employment rate 
of 97 percent and the low rate of 95.5 percent, respectively. 
For the four States for which adjustments were made in calcu- 
lating the medium employment projection, similar adjustments 
were made in calculating the high and low projections. 


Productivity 


In assuming that the historical average annual changes 
in productivity in the United States (1948-65) will prevail 
until 1980 and 2000, it was also assumed that positive and 
hegative factors which could influence future productivity 
rates would tend to offset one another. 


One positive factor contributing to changes in produc- 
tivity might be that the momentum of technological progress 
would tend to increase productivity more rapidly in the fu- 
ture than in the recent past. Another positive factor is the 
increasing extent to which the labor force will be educated 
and trained in the future. 


A negative factor is that the productivity increases 
which have resulted from the movement of persons out of agri- 
culture, with its lower (although rapidly increasing) rate of 
productivity, into manufacturing, with its higher rate, are 
certain to diminish. 


The shift of employment from industrial to service 
activities can be expected to continue and to increase. Ser- 
vice activities, for which productivity increases (as custo- 
marily measured) have been relatively moderate, could possibly 
increase productivity through future technological develop- 
ments. This last point raises the question of how the growth 
of productivity in services should be measured so that this 
growth will reflect the changes in the utility of the services 
produced rather than merely the input of work. In view of 
the purposes of the present study, it seemed appropriate to 
assume that service activity increases in productivity would 
be shown through the use of factor cost as a basis for valu- 
ing services. Thus, because qualitative changes in services 
will not be reflected in the measurement of output, an in- 
crease in the service sector relative to other sectors would 


tend to have a negative impact on average productivity mea- 
sures. 
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The prospect of shorter. working hours and the effect 
on output is also an important productivity factor. The NPA 
study included projections of increases of about 3 percent a 
year in output per man-hour (slightly above the 1948-65 rate 
of increase), along with projections of the number of man- 
hours to be worked. It is doubtful whether such an analysis 
adds significantly to the reliability of orojections of out- 
put per employed person. For an increasing proportion of the 
work performed in the future, output will not vary directly 
with the hours worked; i.e., the output will vary with the 
number of persons employed, such as for teaching and other 
service-oriented occupations. 


Another aspect of the changes in hours worked is re- 
lated to possible changes in the desire of individuals as to 
how much work they want to do. As overall affluence increases, 
there will be choices between increasing the production of 
goods and services as against increasing leisure time. Public 
policy will be molded in response to public desires in these 
Matters. Preferences for leisure time could result both in 
people dropping out of the labor force and in their working 
fewer hours or days per week or year. 


Gross National Product 


The contract between the Public Land Law Review Com- 
mission and Robert R. Nathan Associates, Inc., includes the 
following: 


An annual rate of increase in GNP of 3.75 
percent per annum in real terms will be 
used for the medium projection, unless 
this rate appears to be inconsistent with 
the medium population projections. In 
that case, appropriate changes will be 
made after consultation with the Commis- 
sion. 


For the high projection, use an annual 
rate of increase in GNP of 4.25 percent 
in real terms. For the low projection, 
use an annual rate of increase in GNP 
of 3.25 percent in real terms. If the 
contractor's work suggests a departure 
from these assumed rates, the reasons 
will be fully explained and appropriate 
changes made after consultation with 
the Commission. 
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Consideration of the relevant factors indicated that 


Percent increase 


From 1965/66 From 1965/66 


to 1980 to 2000 
Medium 4.4 ree 
High 4.6 4.5 
Low 3 10 Shay df 


These rates of growth would lead to the following pro- 
jected values for GNP, expressed in billions of 1958 dollars, 
for 1980 and 2000: 


1980 2000 
Medium 1.176 102,603 
High OSE 2,878 
Low 1,079 2,200 


According to the medium projection, the GNP per em- 
ployed person will increase during the periods from 1965 to 
1980 and from 1965 to 2000 at the rate of 2.6 percent per 
year. Thus, the GNP per employed person, which was $8,360 in 
1965 and $8,590 in 1966, will be about $12,270 in 1980 and 
$20,450 in 2000 (1958 dollars) .2/ 


_The medium projection for total employment in 198) is 
9627) milion, or) 27 percent above 1966, a compound annual in- 
crease of 1.73 percent. Combining the results of projected 


37 Future productivity levels were projected on the basis of 
expected rates of growth from the 1965 level of productivity 

per employed person. For projecting numbers of employed per- 
sons, however, it seemed possible to make better projections 

using 1966 data, and rates of growth were calculated by com- 

Paring those projected levels with actual 1966 employment. 

No inconsistency was introduced by this combined use of 1965. 

and 1966 data. 
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increases in productivity and employment, the medium projec- 
tion of the rate of increase in GNP is approximately 4.4 per- 
cent per year between 1966 and 1980. 


For the year 2000, the medium figure for total employ- 
ment is 129.5 million, a compound annual increase of 1.58 
percent from 1966. With the 2.6-percent annual increase in 
output per employed person, the medium projected increase in 
real GNP over the whole period is about 4.2 percent per year. 


In projecting high and low GNP, two approaches were 
considered. For the low projection, the procedure was as 
follows: 


First, it was estimated that if various negative fac- 
tors, included in the discussion of productivity above, 
should prove to be of importance, GNP per employed person 
might increase at an annual rate as low as 2.25 percent rather 
than 2.6 percent. Because the combination of low employment 
and low productivity is regarded as unlikely, the low produc- 
tivity projections were combined with our medium employment 
projections. 


Second, low employment projections were considered. 
However, if employment is low, output per person may be as- 
sumed to increase by at least the medium rate of 2.6 percent. 
In particular, given the assumption that the level of employ- 
ment will be generally determined by the size of population 
and labor force participation rates rather than by fluctua- 
tions in the demand for labor, the rate of increase in pro- 
ductivity would be maintained, as capital investment occurs 
to compensate for low employment. Hence, the low employment 
figure was combined with the medium output figure. 


Comparing the results of the two approaches, the sec- 
ond yielded the lower GNP figures for both 1980 and 2000, and 
these figures were chosen as the low projection. This pro- 
jection shows the GNP increasing from 1966 to 1980 at an 
annual rate of 3.8 percent, and from 1966 to 2000 at a rate 
of 3.7 percent. 


Similarly, two approaches were considered for the high 
projection of the GNP. First, it was estimated that under 
positive circumstances (described above) the GNP per employed 
person might increase at a high annual rate of 2.8 percent 
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rather than the 2.6-percent medium rate. This high produc- 
tivity rate was applied to the medium employment projection. 
For the alternative approach, the high employment projection 
was combined with the medium 2.6-percent rate of increase in 
output per employed person. Again, the combination of ex- 
tremes, in this case high employment and high productivity, 
did not seem likely. 


Applying these alternatives to the period between 1965 
and 1980, the higher of the two approaches, which assumed a 
2.8 percent increase in productivity, indicated an annual in- 
crease in GNP at a rate of 4.6 percent. For the full period, 
1965 to 2000, the second approach, which assumed a 2.6-percent 
increase in productivity, was the higher of the two, giving. 
an annual increase in GNP of 4.5 percent. These two high 
rates were therefore chosen as the rates of increase for the 
high projections. 


In projecting GNP on the foregoing basis, it was assum- 
ed that unemployment would be 4 percent of the labor force for 
the medium projection (3 percent and 4.5 percent for the high 
and low projections, respectively), and that there would be 
sufficient demand to take up the greatly increased amount of 
goods and services that the resulting volume of employment 
would produce. 


Gross National Product Components 
Projections of GNP Components to 1980 


The projections for the components of GNP in 1980 are 
an extrapolation of NPA projections Ehrough 1977" (3° 4 es Un= 
like other available projections, the NPA projections are re- 
vised annually on a continuing basis. In addition, the NPA 
projections result from a judgment model rather than a target 
model. A judgment model does not necessarily assume that all 
economic decisions are always correct; Yather, it takes into 
consideration factors such as social attitudes, political 
adaptability, pressure of interest groups, and the effects of 
delays and lags in the decision processes. 


As stated above, the low, medium, and nich projections 
of GNP to 1980 were made using various plausible permutations 
of labor productivity and employment. Based on the GNP pro- 
jections, the components of GNP in 1980 were made by applying 
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extrapolations of NPA projected relationships between GNP and 
components of GNP from 1977 to 1980. 


NPA used the equation: 

GNP = G + PCE + GPDI + N (X=M) . 
GNP Government purchases of goods and services 

personal consumption expenditures 


gross private domestic investment 
net exports (exports - imports) 


+++ Il 


Government purchases of goods and services (G). In 
the NPA report it was assumed, in projecting government pur- 
chases of goods and services as a percentage of GNP, that 
defense expenditures would remain at the 1965 level through 
1977.4/ The NPA reasoning was as follows: Whereas defense 
and general government programs are likely to increase rela- 
tively slowly, the domestic programs for growth and welfare 
will increase to about 60 percent of the estimated total 
Federal budget. The categories of expenditures which are 
projected to increase are natural environment, housing, 
transportation, communications, area development, and the job 
preparation and education portion of "human skills and social 
welfare" category (3, p-21]. Government purchases of goods 
and services as a percentage of GNP projected by NPA are 
[3, table 3]: 


Government purchases of goods and services 
as percentage of GNP 


1960 1965 ASV 1972 1976 OWT. 
19.4 Beh. Ss HET EES) GS) 17.4 WS) 


Since the Vietnam war is projected to end in the 1965- 
70 period, the ratio of defense expenditures to GNP is ex- 
pected to decrease. While social expenditures relative to 
GNP will increase, they are not expected to increase propor- 
tionately to the decrease in defense expenditures. Since NPA 


47 The NPA projection [3] has been recently revised (not yet 
published) to incorporate the assumption that the defense ex- 
penditure will remain at the 1966 level. Since this study as- 
sumed the 1965 defense expenditure level, our projections will 
mirror the NPA projections, but will differ slightly from the 
later publication. 
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projected a relatively constant relationship of government 
purchases of goods and services to GNP in’ the 1971-77 period, 
as shown above, this relationship was projected to remain 
constant to 1980. 


Personal consumption expenditure (PCE). In regard to 
personal consumption expenditures, NPA assumed the following: 


(1) As defense expenditures decrease and as govern- 
ment social expenditures increase (but at a slower rate than 
the rate of decrease in defense expenditures), PCE as a per- 
centage of GNP must increase if recent GNP growth rates are 
to be sustained. 


(2) Factors such as the growth of transfer payments 
and continually rising household incomes (slightly greater 
than 3 percent per year) will contribute to increasing PCE 
as a percentage of GNP. NPA projections are [3, table 3]: 


Personal consumption expenditures 
as percentage of GNP 


1960 1965 LOTL L972 1976 Wi Dy Ar 


64.8 64.6 65.8 6557) 65.6 65.6 





As a direct result of the short-run effects of the 
ending of the war by 1970, the PCE/GNP ratio is projected to 
be at a high in 1971. Thereafter, PCE tapers off to 65.6 per- 
cent and can be assumed to rise only slightly through 1980. 
Thus, PCE is projected to be 65.7 percent of GNP 1980, in- 
creasing from 65.6 in 1977. 


Gross private domestic investment (GPDI). Since the 
Vietnam War is assumed to end in the 1965-70 period, NPA pro- 
jects a lagged increase in GPDI as a percentage of GNP start- 
ing in 1972 and moving gradually upward through 1977, and re- 
gaining its historical (i.e., 1948 to 1965) relationship of 
approximately 16 percent of GNP [3]: 


Gross private domestic investment 
as percentage of GNP 
1960 1965 1971 §=1972 U3 1974 1975 1976 LOTT. 


14.8 15.8 15.8 WEG 159 16.0 16.0 Ares. 16.1 
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It is assumed that the percentage of GPDI to GNP in 
1977, 16.1 percent, will continue through 1980. 


Net exports and imports (N). Since the period 1965- 
70 will be affected by relatively large defense expenditures, 
the period beginning with 1971 has been designated by NPA as 
the base for projecting the gradual growth of the foreign 
sector of the American economy. Both the marginal propensity 
to import and the marginal propensity to export are assumed 
by NPA to be positive functions of the growth in GNP, with 
the former increasing at a greater rate since it is not only 
a function of the growth in GNP but also a function of the 
growth of PCE [3]: 


Net exports and imports as a 
percentage of GNP 


1960 1965 1971 1972 1973.1974 1975 1976 1977 
Exports oS 
Imports 4 


Projections of relationships of imports and exports to 
GNP were made by extrapolating the trends in the relationships 
to 1980. 


Exports/GNP = 6.5 percent 
Imports/GNP = 5.8 percent 
Net (exports - imports)/GNP = 0.7 percent 


Based on the relationships of the components-of-GNP to 
GNP, projections of GNP components were made for 1980 by 
multiplying GNP by the coefficients of the GNP components. 
The low, medium, and high projections of the components were 
made by applying the coefficients of the components to the 
low, medium, and high projections of GNP. 


Personal Disposable Income (PDY) 


Although the NPA study [3] assumes that personal dis- 
posable income will increase in the period 1971-77, the in- 
crease is directly proportional to the rise in GNP; therefore 
PDY/GNP remains constant. Also, although not explicitly noted, 
it is assumed that the relationship between PCE and PDY will 
remain constant, PCE/PDY = .9. Since PCE is assumed to be 
65.7 percent of GNP in 1980, it follows, therefore, that PDY 
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i i j hip was applied to 
will be 73 percent of GNP. This relations p t 
pxajectiots ae GNP to determine low, medium, and high PDY in 
1980. 


Projections of GNP Components to 2000 


In projecting the components to 2000, as in the 1980 
projections, the following equation was used: 


GNP = G + PCE + GPDI + N (X-M). 


Government purchases of goods and services (G). Be- 
cause it is aie on the basis of historical series, that 
the ratio of gross private domestic investment (GPDI) to GNP 
will remain constant, changes in the composition of GNP will 
occur mainly in government expenditures for goods and pease 
(G) and personal consumption expenditure (PCE). In 2000, : 
ratio of (G) to GNP will be a result of a blend of social an 
economic attitudes developing through time. 


Oth century has witnessed (barring interruptions 
in seccaeed ae and ete and disregarding cyclical fluctuations) 
a continued growth of GNP, a decreasing PCE as a percentage 
of GNP, and an increasing G as a percentage of GNP. There 
has been a growing social awareness of the positive role 
government can perform in translating broad social ends into 
comprehensive programs. The Government, with the aid of con- 
tinually maturing economic expertise, has developed timely 
variations in fiscal and expenditure policies, which have an 
important positive effect in sustaining continued economic 
growth. 


Considering all these factors, an increase in the ratio 
of government expenditures for goods and services to GNP, from 
17.5 percent in 1980 to 21.8 percent in 2000, is projected. 


Personal consumption expenditure (PCE). That GPDI will 
remain as a constant function of GNP assumes that personal con- 
sumption expenditure (PCE) will remain at about 90 percent a 
personal disposable income (PDY); i.e., that approximately 9 
cents out of each dollar of PDY will be spent for consumption. 
Even though it can be assumed that consumption patterns by 
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the year 2000 will change, geese us narrowing of the distri- 
bution of income about its mean,2’ there are factors that will 
cause the relationship between PCE and PDY to be maintained: 


(1) Food and clothing will become more income inelas- 
tic, and expenditures for services will undoubtedly increase; 
(2) Consumer expenditures for luxury goods and goods of high 
quality will increase; and (3) There will be increased dis- 


cretionary purchases, e.g., household appliances, recreation, 
travel. 


From the beginning of the 20th century (not including 
wars and depressions), PCE has drifted downward from 80 to 
75 percent of GNP in the 1920's, to approximately 65 percent 
in the last decade. The decline has been due to the increas- 
ing role of government as the provider of defense and of ser- 
vices not obtainable in the marketplace. If it is assumed 
that (1) there will be increased government social expendi- 
tures, particularly increased coverage of medical and educa- 
tional services; and (2) increased personal taxation to cover 
the greater part of these programs (decreases in the PDY/PCE 
ratio, counterbalanced by an increase in government purchases 
of goods and services), then it may be assumed that PCE/GNP 
will decrease even more. 


Medical care expenses amounted to $28.1 billion in 
1965, or 4.1 percent of GNP, and private education and re- 
search were $5.6 billion, or 0.8 percent of GNP. Together, 
the percentage of GNP was 4.9 [10]. 


It seems reasonable to assume that two-thirds of the 
costs of such medical and educational services wiil be cover- 
ed by government-sponsored programs in 2000, and that the 
total expenditures for such services will have risen from 4.9 
to about 6 percent of GNP. In that case, the ratio of PCE to 


5/7 The expectation of a narrowing distribution of income is 
Based on the following: (1) Even though differentials in 
living standards in the United States are still great, there 
is a trend toward narrowing the differentials between regions 
(e.g., between North and South, see regional projections); 
and (2) as we raise base incomes without substantially in- 
creasing the number of persons earning relatively higher 
wages and salaries, there will be an increase in the number 
of people within one standard deviation of the mean income. 
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GNP will have to be reduced by 4 percent if the services are 
financed by increased taxation. The factors which account 
for this are: 


(1) The increased quantity and quality of these ser- 
vices will serve as counter-weighing factors. On one hand, 
increased quantity of these services will mean a larger ex- 
penditure by government; on the other hand, increased quality 
of services and economies of scale will decrease the cost of 
supplying specific 1966 services in 2000. 


(2) Although the majority of the population will prob- 


‘ably use publicly supported universities and government will 


cover all their medical expenses, some may still choose to go 
to private educational institutions, or use the services of 
private practitioners at their own expense. 


(3) An increased social awareness of the vital govern- 
ment role in promoting continued growth will result ina 
greater number of government growth programs, particularly in 
regard to natural environment, housing, transportation, com- 
munications, area development, and research and development. 


A ratio of PCE to GNP of 61.7 percent is, therefore, 
projected for 2000, compared with 65.7 percent for 1980. 


It is interesting to note that an even lower ratio of 
PCE to GNP is characteristic of the Scandinavian countries. 
In Denmark PCE is about 58 percent of GNP, and in Sweden, 
about 56 percent. 


Gross private domestic investment (GPDI). Gross pri 
vate domestic investment (GPbD1) and GNP are directly related 
in several ways: (1) There is a direct relationship be- 
tween GPDI and the rate of economic growth; (2) similarly, 
there is a relationship between GPDI and labor productivity -- 
the greater the capital/labor ratio, the greater the produc- 
tive output per employed worker; and (3) as GPDI increases in 
relation to GNP, consumers and government must decrease pres- 
ent consumption in relation ‘to current output. 


Historical series show that between 1948 and 1965, 
whereas output per employed person increased an averace 2.6 
percent per year, GPDI remained relatively constant at about 
16 percent of GNP. In the projections of GNP components -to 
1980, the reasoning and figures (projected to 1977) of NPA 


3274 


were followed; thus, GPDI as a percentage of GNP is project- 

ed to be 16.1 percent (approximately equivalent to the histori- 
cal average of 16 percent). For projections to 2000, it is 
assumed that the GPDI/GNP ratio will continue to be about 16 
percent. 


Even though the possibility exists that GPDI may be 
considerably above or below 16 percent of GNP, it is difficult 
to incorporate this possibility into the high and low projec- 
tions because there is no a priori reason why a high or low 
ratio of GPDI to GNP should go with a high or low GNP. In 
particular, private construction represents about half of 


-GPDI, and residential construction is half of all private 


construction. As the number of families increases, there is 
an increased demand for housing starts, independent of the 
rate of growth in productivity. Thus, about one-fourth of 
catilsdoreg has little connection with the growth in produc- 
ivity. 


Imports (M) and Exports (X). For 1980, it is assumed 
that the marginal propensities to import and export are posi- 
tive in relation to the growth in GNP, with the increase in 
imports being the greater because imports are also a positive 
function of PCE. The same assumptions are used for projec- 
tions to 2000. 


In regard to the 1980 projections (exports 6.5 percent 
of GNP, imports 5.8 percent of GNP) compared with 1960 (ex- 
ports 5.6 percent of GNP, imports 4.7 percent), imports in- 
crease by 1.1 percentage points, whereas exports would in- 
crease by 0.9 over the 20-year period. Continuing these 
trends to 2000, it is projected that exports and imports in 
2000, as percentages of GNP, will be 7.4 and 6.9 percent, 
respectively. 


: Personal disposable income (PDY). The historical rela- 
tionship PCE/PDY = 0.9 can be expected to be maintained 
through 2000. Since three separate PCE figures for 2000 


have been projected, the high, medium, and low PDY is deter- 
mined from the equation ‘ 


PDY = PCE (10/9) 


FRB Industrial Production Index 


: In projecting the Federal Reserve Board (FRB) index of 
industrial production and its components to 1980 and 2000, use 
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was made of the projections (in constant dollars) of the GNP 
and its components. Following is a brief historical review 
of the most important relationships: 


FRB index (overall). The index points per billion 
dollars of GNP increased constantly over the period between 
1956 and 1965, from .2239 to .2325. 


Consumer goods index. The index points per billion 
dollars of GNP aehibited two distinct cycles: 1948-55, 
averaging .2093; 1960-65, averaging .2271. 


es The index points per billion dollars of 
GNP exhibited an increasing trend between 1961 and 1965, but 
the 1965 level was only slightly higher than the 1956-57 
average level. 


Materials. The index points per billion dollars of 
GNP exhibited very short-run (one to two years) cyclical 
movements, ending in 1965 at a high of .2338. 


Total manufacturing. The index points per billion dol- 
lars of product from manufacturing increased during the per- 
iod 1956-61, but by 1965 the average returned to its 1959 
level. Considering 1959-65 as a cycle, the average value was 
- 7694. 


Durable manufacturing. The index points per billion 
dollars of durable manufacturing product remained relatively 
constant over the period 1956-65 at 1.3140. 


Nondurable manufacturing. The index points per billion 
dollars of nondur € manufacturing product increased constant- 
ly between 1956 and 1961, from 1.7472 to 1.8599, but fluctuat- 
ed between 1961 and 1965. The average for the 1961-65 period 
was 1.8648. 


Mining. The index points per billion dollars of pro- 
duct from mining remained constant during the period 1956-65 
at an avérage of 7.736. 
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Public utilities. The index points per billion dol- 
lars of GNP increased constantly between 1956 and 1965 from 
-1970 to .2609. 


In projecting the relationship of the index and its 
components to GNP for 1980 and 2000, several bases were used. 


First, for those components which maintained a con- 
stant relationship to GNP during the 1956-65 period (durable 
manufacturing and mining), it was assumed that the relation- 
ship would continue to 1989 and 2000. Similarly, for those 
components of the index which increased relative to GNP until 
the 1960's,:but which fluctuated thereafter (nondurable manu- 
facturing and total manufacturing), it was assumed that the 
short-run average (1961-65 for nondurable manufacturing and 
1959—6Smeror etotall manufacturing) would provide the best pro- 
jection for 1980 and 2000. 


For the index which increased constantly relative to 
GNP during the period studied (utilities), it was assumed 
that the historical rate of increase would continue to 1980 
and 2000. 


The projections for consumer goods, equipment and ma- 
terials, and the overall FRB index were made by using similar 
methodology, but incorporating certain value judgments. 


For 1980 it was assumed that the consumer goods index 
relative to GNP would remain at the level of the 1960-65 
cycle; for 2000 it was assumed that the relationship between 
the index and GNP would be at the level of the 1948-55 cvcle. 
The reasoning for this projection was based primarily on a 
judgment that services will increase relative to goods, as a 
percentage of GNP, through 2000. ; 


Treatment of the overall FRB index differs from the 
treatment of the component indexes, in that NPA has published 
projections for the overall index for the period 1971-77. [3]. 
Using these projections as a base, it was assumed that the 
historical average annual rate of increase (1948-65) in index 
points per billion dollars of GNP would continue to 1980; 
therefore, the 1977 figure of -2568, projected by NPA, was 
increased by three times the average annual increase of .00612, 
yielding an index of .2617 points per billion dollars of GNP 
in 19805 For 2000, ait waste assumed that the index would have 
the same relationship to GNP as in 1965. 
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That FRB index points per biilion dollars of real GNP 
were projected to increase through 1980 is directly related 
to NPA's assumptions concerning the composition of GNP, cy ar 
the goods sector of GNP was projected to increase during 
these early years at a greater rate than services and govern- 
ment. Since the GNP projections of the present study reflect 
expectations that services and government will grow as a per- 
centage of GNP with the goods sector declining, it was projec- 
ted that by 2000 the relationship of the index to GNP would 
be the same as in 1965. 


The relationship of the equipment and materials indexes 
to GNP showed erratic movements with no consistent trends. 
In 1965, both the equipment and material index points per bil- 
lion dollars of GNP were at their highest level. It was as- 
sumed that the relationship of these indexes to GNP would 
change in the same manner as the overall FRB index between 
1965 and 2000. This assumption was based on the fact that 
all three indexes (overall, materials, and equipment) were 
related to GNP, and that since the overall FRB index is ex- 
pected to increase relative to GNP until 1980, its two major 
components, equipment and materials, can be expected to in- 
crease at the same rate. Thus, the relationship of the in- 
dexes to GNP was projected for 2000 to be the same as in 1965. 


Regional Gross Product Originating 
by Major Industrial Sector 


Projections to 1980 and 2000 were made for regional 
gross product originating (GPO) in each of three industrial 
sectors: agriculture, manufacturing, and all other. Both 
national and regional figures for the three sectors are need- 
ed in making the commodity projections presented in this re- 
port. 


Before attempting any projections of regional and 
sectoral GPO, it was necessary to find an appropriate histor- 
ical series giving regional figures for each of the industrial 
sectors. The Office of Business Economics (OBE) does not pro- 
vide such a series, and the only Aistorical series that close- 
ly approximated the requirements of this study were provided 
in NPA studies [3, 4]. The NPA studies provided State GPO 
by major industrial sectors for 1947, 1952, 1960, 1962, and 
1975 (projected). 
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Because national GPO and GNP are conceptually equal 
and differ only because of data problems, GPO was projected 
to be equal to GNP in 1980 and 2000. 


From the NPA report [3] showing national projections 
to 1976 and 1977, the trends in agriculture and manufacturing 
were extrapolated as percentages of GNP (from 1971 to 1976) 
to 1980, yielding: 


Agriculture - 2.6 percent of GNP 
Manufacturing = 32.8 percent of GNP 
Other = 64.6 percent of GNP. 


To project the distribution among the regions and 
States for each sector in 1980, the trends from 1960 to 1975 
for sectoral product in each region, expressed as a percent- 
age of the national sectoral product (sum of regional sec- 
tors equals total sector), were extrapolated. It was assumed 
that the average annual rate of change in a region's share 
of the national sectoral product would continue to 1980. To 
illustrate: 


If GPO from agriculture in Oregon in 1960 
equaled 1.3 percent of total U.S. agricul- 
tural produce in 1960, and if it equaled 

a little more than 1.5 in 1975, then in 
1980, agricultural product in Oregon is 
projected to equal 1.6 percent of total 
agricultural product. 


As indicated above, the product of each sector was 
calculated as a percentage of total national GPO, and the 
product of each sector in a region was calculated as a per- 
centage of national sectoral product. 


To project low and high values of GPO for regions and 
sectors, it was assumed that the ratio for each sector as a 
percentage of national GPO, and for each region in a sector 
as a percentage of national sectoral product, would be ap- 
plicable for the entire range (low, medium, and high) of pro- 
jections. The low, medium, and high projections were calcu- 
lated, therefore, by applying low, medium, and high projec- 
tions for national GPO and to the computed regional and sec- 
toral ratios. 
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Projections of regional and State GPO by the three 
major industrial sectors for 2000 were determined as follows: 


(1) National agricultural GPO in 2000 as a percent- 
age of total national GPO in 2000 was projected to be 1.6 
percent. This is considerably lower than the 2.6 percent 
determined for 1980. The 1.6-percent projection was based 
on historical trends and other available information which 
indicate that agricultural product per capita is rather con- 
stant and can be expected to remain so in the future. From 
1948-65, agriculture increased at an average annual rate of 
1.1 percent. For 1965-76, NPA projected an average annual 
growth rate of 1.4 percent. The projection for 2000 was 
based on an assumption that agriculture will increase at the 
1965-76 rate, reflecting the propensity to consume higher 
quality agricultural products as personal incomes increase. 


Manufacturing, as a percentage of national GPO, is pro- 
jected to return to its 1965 level of 29.9 percent, reflecting 
a relative increase in services and government as percentages 
of GNP. 


(2) To project each regional sector as percentages of 
national sectoral product, it was assumed that during 1980- 
2000 the change in manufacturing would be one-half of the 
corresponding 1960-80 change in the same ratio. To illus- 
trate: 


Manufacturing in Wyoming in 1960 equaled 
-05 percent of total manufacturing. In 

1980 it is projected as .03. Therefore, 
in 2000 it would be projected at .02 of 

total manufacturing in the USA. 


The underlying logic of this assumption is the same as 
other projections (population, labor force, and employment) 
where we assumed a trend toward a diminishing or stabilized 
interstate differential. 


Regional and State Personal Income Projections 


Whereas projections were made for personal disposable 
income (PDY) for the United States, for regions and States 
projections were made for personal income (PY) only. To in- 
sure internal consistency, it would have been logical to pro- 
ject PDY at the regional and State levels, but this was not 
possible for two reasons: 


-280- 


—_ 


(1) There exists no complete historical series for 
regional PDY. In 1961 the Bureau of the Census revised the 
definition for regional personal income but has not, as yet, 
published a series for (PDY) by regions that is consistent 
with their new definition. 


(2) The difference between (PDY) and (PY) is a func- 
tion of personal taxes, and to project regional and State 
personal tax differentials would be beyond the scope of this 
study. 


The alternative that was adopted, therefore, was to 
project regional and State personal income for 1980 and 2000 
by the following method: 


First, comparisons of the annual average rates of 
changes between GNP and national PY were made. 


Average Annual Rates of Change 


(percent) 
1950-63 1963-70 1970-75 
GNP 3.4 4.0 4.2 
PY Bag) 4.3 4.1 


During the historical period considered, PY was grow- 
ing relatively faster than GNP, reflecting relative increases 
in wages and salaries as percentages of GNP. By 1975, PY and 
GNP are expected to grow at about the same annual rate, re- 
flecting a balance between wages and salaries and GNP. It is 
judged that this balance will continue to 1980 and 2000, and 
since projected PY equals 79.5 percent of GNP in 1975, it can 
be expected to be equal to 79.5 percent for the low, medium, 
and high GNP projections in 1980 and 2000. 


U.S. Personal Income (PY) 
(in billions 1958 dollars) 


1980 2000 
Low 838 1,749 
Medium 935 2,069 
High 962 2,288 
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By dividing medium national PY of 1980 and 2000 by 
U.S. medium population projection (excluding armed forces 
overseas) for 1980 and 2000, national personal income per 
capita, in 1958 constant dollars, was estimated at $3,994 in 
1980 and $6,750 in 2000. 


Regional personal income per capita was projected by 
considering the Nation/region income per capita relationship 
projected in the NPA study, “State to National Relatives of 
Per Capita Income (percent) for 1960, 1970, 1975" [4, p.239]. 


(1) For those States with a converging trend in per- 
sonal income per capita relative to the national average 
from 1970-75, the trend was continued at the same annual rate 
of change until 1980. For example, Montana personal income 
per capita was projected at 93.1 percent of national personal 
income per capita in 1970, 93.4 percent in 1975, and 93.7 per- 
cent in 1980. 


(2) For those States for which the trend was projected 
to diverge from the national income per capita, the State 
personal income per capita,relative to the national was assum- 
ed to be maintained at the 1975 level until 2000. For ex- 
ample, Colorado personal income per capita relative to na- 
tional personal income per capita was projected at 106.3 per- 
cent in 1970 and 107.7 percent in 1975, remaining at 107.7 
percent in 1980. 


(3) Between 1980 and 2000, it was assumed that the 
ratio of each State's personal income per capita relative to 
the national would change by 50 percent of the difference be- 
tween the national level and 100 percent. For example, in 
Wyoming personal income per capita in 1980 was projected at 
93.7 percent of national, or 6.3 percentage points below 100. 
Therefore, in 2000 it was assumed that Wyoming personal in- 
come per capita would be 96.9 percent of national, or 3.1 
percentage points below 100. 


The projected percentages of national personal income 
projected for each State for 1980 were multiplied by $3,994, 
and for 2000 by $6,750, the projected national personal in- 
come per capita for those years. By multiplying each region's 
per capita personal income for 1980 and 2000 by the respective 
medium population projections for 1980 and 2000, a series of 
ee ees mee ee) eee —— projections were made for 

erive a low and high series for personal 
income by cite S8y 1980 ae 2000, it was assumed that the 
ratios of the lows and the highs to the medium personal income 
would be equal to the national ratios for all regions. 
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Table 80. U.S. Fopulation by Fecians, 14% -435 
(in thousands) 














es RR eg EEN Be Tag acti Pi re exe 
Pk } 1954 YL S5ie) te L956 i) 9 * 1959 196i | 1962 i963 | 1964 





United States: states?/ sexe 


146,093 148,666 151,863 154,060 150,472 159,035 161,915 165,064 168,043 171,108 174,957 177,131 179,992 183,057 185,890 188,658 191,372 


{ ‘ 
mete 38,790 39,551 39,609 39,677 40,135 4c,787 41,591 41,986 42,267 42,675 43,373 44,193 44,814 45,434 45,910 46,514 47,075 


North Central.... 43,437 44,175 44,645 44,941 45,472 46,375 47,497 48, 360 49,163 49,860 59,347 51,147 51,705 52,161 52,537 53,022 53,578 
SOUER onrers 06,5 010.0 -- 45,414 45,981 47,268 48,422 48,96: 49,172 49,458 50,548 51,533 52,657 53,532 54,324 55,201 56,282 57,398 58,309 59,269 
West :2/ 18,452 18,959 »--2C,341 21,0920 -i,964 22,697 23,369 24,170 25,080 25,918 26,€C5 27,467 28,272 29,180 30,045 30,813 31,450 
Montana........ 542 569 598 o 593 597 6C8 613 622 646 662 664 667 679 695 696 701 703 
Idaho........- . 551 570 592 587 582 589 589 604 619 639 645 658 671 686 695 689 687 
Wyoming........ 269 277 292 293 297 295 309 315 321 323 322 325 331 336 332 335 338 
Colorado....... 1,263 1,295 Mose 1,328 1,378 1,454 1,520 1,583 1,655 1,693 1,690 1,727 1,768 1,835 1,883 1,913 1,941 
New Mexico..... 604 644 687 aZ> 747 775 784 808 823 870 904 928 953 959 978 990 1,008 
Arizona....<.-. 650 714 756 786 843 895 932 963 1,021 1,113 1,180 1,254 1,321 1,405 1,466 1,517 1,549 
Utah. ...scecene 653 671 696 710 736 749 762 798 823 838 855 877 900 936 958 973 977 
Nevada....... -- 156 Lo7 162 169 1i8l 196 215 240 250 257 266 279 291 312 347 391 418 


Washington..... 2,255 2,294 2,386 2,431 2,459 2,485 2,539 2,630 2,689 2,740 2,783 2,823 2,856 2,884 2,944 2,961 2,971 
Oregon.........- 1,405 1,431 1,532 1,564 1,595 1,623 1,652 1,690 1,726 1,735 1,735 1,756 1,772 1,788 1,817 1,852 1,886 


California..... 10,064 10,337 10,674 11,159 11,785 12,305 12,338 13,156 13,724 14,235 14,744 15,334 15,862 16,451 16,990 17,556 18 ,003 


af Excluding Armed Forces overseas; includes Alaska and Hawaii. 


Source: [5]. 
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Table 83. Summary of National Economic Indicators, 
1948-65 


1949 1951] 1952 1955 1956 | 1957] 1958| 1959j{ 1960 


-------------------- -- -- - - — - - - - - - - Billion 1958 dollars—---------------~---~-~~~-~~~~_-~__-____~~ 





Gross national 
Proaquct.... 2... - 323.7 324.1 355.3 383.4 395.1 412.8 407.0 438.0 446.1 452.5 447.3 475.9 487.8 497.3 530.0 550.6 577.6 616.7 


Personal consump- 
tion expendi- 
HUG Siete oleta eielerer chore 210.8 216.5 230.5 232.8 239.4 250.8 255.7 274.2 281.4 288.2 290.1 303.3 316.1 322.5 338.4 353.3 373.7 398.4 


Gross private 
domestic invest- 
MEN Ueretetelois/s a) s/o! si cle 60.4 48.0 69.3 70.0 60.5 61.2: 59.4 75.4 74.3 68.8 60.9 73.6 72.4 69.0 79.4 82.3 87.8 38.3 


Government pur- 
chase of goods 


and services..... 46.3 53.3 52.8 75.4 92.1 99.8 88.9 85.2 85.3 89.3 94.2 94.7 94.9 100.5 107.5 109.6 113.2 114.3 
ESS ORaES chetotarslol sloheisi= LO Slee ely 16.3 219 3 18.2 “758 18.8 = 2059 —24.2° 26.2 “2351 23.8 227-3 -.28..0-230-0 32-236. 5 Sees 
TMpPOTtS ~~ occ ces ee 2 Opell eee oO mnt ae de Le eel Gre elo O lio) SLO 19 92620-9123. 5 gees. Omee2 9 m5 22 Ope te ees ee 


able income...... 229.8 230.8 249.6 255.7 263.3 275.4 278.3 296.7 309.3 315.8 318.8 333.0 240.2 350.7 367.3 381.3 406.5 430.8 
a ne 1958 dollars------—--—---------~----------—--------—-—— 
Personal dispos- 


able income per 
Capitacc: ces eres 1,567 1,547 1,646 1,657 1,678 1,726 1,714 1,795 1,839 1,844 1,831 1,881 1,883 1,909 1,968 2,013 2,123 2,232 


person.......- c++ $5,344 5,398 5,787 6,002 6,113 6,304 6,336 6,637 6,603 6,673 6,716 6,985 7,050 7,169 7,499 7,687 7,902 8,234 


Source: {12]. 
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Table 84. Federal Reserve Board Industrial Production Indexes, Annual Averages, 1948-65 





Year 


teense 
oreee 
serene 
sees 
sees 
eeeee 
ester 
eeeee 
eeeee 


eeree 


eoeee 


Source: 


Total in- 
dustrial 
product 
index 


68.4 
64.7 
74.9 
81.3 
84,3 
91.3 
85.8 
96.6 
SIGD 
100.7 
93ii7 
105.6 
108.7 
109.7 
118.3 


(2). 







foal 
a 


. 


wu OV 


Consumer |Equip- 


goods 


58.3 
52.0 
56.4 
78.4 
94.1 
100.5 
88.9 
95.0 
103.7 
104.6 
91.3 
104.1 
107.6 
112.6 
119.57 
125 ae 
E31 .7 
140.3 


Market 


Final Products 


58.3 
52.0 
56.4 
78.4 
94:1 
100.5 
88.9 
95.0 
103.7 
104.6 
91.3 


104.10 


107.6 
108.3 
119.6 
124.2 
132.0 
147.0 


(1957-59 = 100) 


Materials 


70.2 
64.8 
76.9 
83.8 
84.3 
92.6 
85.9 
99.0 
101,6 
101.9 
92.7 
105.4 
107.6 
108.4 
117.0 
123.7 
132.8 
144.2 


Total 


68.9 
65.2 
75.8 
81.9 
85.2 
927 
86.3 
S753 
100.2 
100.8 
9302 
106.0 
108.9 
109.6 
118.1 
124.9 
133.1 
145.0 


Manufacturing 


67.0 
60.9 
74,1 
8305 
88.5 
99.9 
88.4 
101.9 
104.0 
104.0 
90.3 
105.6 
108.5 
107.0 
11709 
124.5 
133.5 
148.4 


Industry 


69.5 
68.3 
76.0 
78.5 
80.0 
83.6 
83.6 
91.6 
95.4 
96.7 
96.8 
106.5 
109.5 
192.9 
119.8 
125.33 
132.6 
140.8 


Mining | Utilities 


84.0 
74.5 
83.2 
913 
90.5 
oe 
30 <2 
9952 
104.8 
104.6 
9526 
99.7 
101.6 
102.6 
105.0 
107.9 
101.5 
114.8 









40.8 
43.4 
49.5 
56.4 
61.2 
66.8 
TLS 
80.2 
87.9 
9359 
98.1 
108.0 
115.6 
122); 3 
131.4 
140.0 
151.3 
160.9 
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Region 


United states?/._.. 


Northeast........ Hl 
North Central.... 


SOUER . 6. es cesncne 


Wyoming.......- 
Colorado....... 


New Mexico..... 


California..... 


a/ Includes Alaska and Hawaii. 


Source: [2]. 


Total 


301,761 


95,919 
71,132 


43,859 


1,215 
1,067 
705 
2,603 
960 
1,218 
1,255 
401 
5,103 
3,162 
26,170 


30,651 


27343 
12,774 
10,170 


5,364 


162 


1,122 
852 


4,945 


Tadie 85. 


1947, 


ES Siti 


(in millions of 1958 doliars) 








Other Total 
183,318 451,595 
56,517 27,308 
517,237 140,613 
44,357 111,416 
36,607 72,188 
685 ae 
586 1,367 
502 1,957 
1,700 4,25€ 
734 P25 JUS} 
942 2,588 
920 2,051 
336 879: 
3,303 Upp erpt 
1,883 4,049 
19,016 44,945 


1357 





Agri- Manu- 
cult- fact- 
ure uring 


24,652 135 ,664 


7399 42,613 
10,631 49,895 


teens 26,937 


4,750 16,219 
363 199 
305 193 
118 86 
318 644 
134 128 
297 303 
126 355 

37 75 
502 1,867 
347 998 


2,203 11,371 


51,219 


1,150 
869 
853 

3,294 

1,851 

1,988 

1,570 
767 

4,802 

2,704 

31,371 


National and Recionai Gross Preduct Oricinating by Sector 
2960 and 1962 





484,482 


137,851 
143,660 
121,819 


81,152 


1,640 
1,469 

955 
4,782 
2,217 
3,248 
2,236 

947 
7,656 


4,686 


48,900 


429 
298 
2,181 


138,583 


45,927 
48,188 
26,766 


17,762 


169 
236 
67 
734 
137 
406 
388 
44 
1,930 


1,205 


12,169 








322,565 


89,958 
87,241 
86 , 366 


59,00C 


1,233 
998 
794 

3,76C 

1,922 

2,577 

1,758 


875 
5,297 


3,183 


34,550 


Total 


533,246 


150,011 
155,741 
135,916 


91,578 


1,863 
1,653 

999 
5,362 
PSH: BE 
3,794 


2,603 


1242: 


8,686 
5,114 
55,257 





417 


277 
2,052 


Manu-— 
fact— 
urina 


151,916 


49,464 
51,718 
30,463 


23,333 


Other 


95,286 
37,162 


66,969 


Table 86. 


Regional Personal Income, 1948-65 


(in millions of 1958 dollars) 





United States*/ <> 


Northeast...... 
North Central.. 
SOQUEN esis vic ese ° 
West:a/ 
Montana...... 
TAN O cic a's .0 310 
Wyoming...... 
Colorado..... 
New Mexico... 
Arizona...... 
Wtane<.ccicce s 
Nevada....... 
Washington... 
Oregon. «2 is. 
California... 





1948 1950 1955 


252,889 272,819 





76,255 
81,094 
58,448 
37,092 
1,051 
857 
508 
2,138 
789 
1,041 
967 
332 
4,385 
2,747 
21,396 


82,523 
85,162 
64,296 
40,838 
1,154 
913 
572 
2,328 
1,076 
1,181 
963 
379 
4,808 
2,957 
23,676 


a/ Includes Alaska and Hawaii. 


Source: [12]. 
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327,982 


96,301 
101,596 
77,801 
52,284 


1,250 
964 





1960 


389,802 


111,726 
114,857 
93,706 
69,513 
1,330 
1,171 
753 
4,965 
1,682 
2,576 
1,663 
796 
6,440 
3,893 
42,231 





488,631 


134,531 
142,979 
122,960 
88,161 
1,560 
1,560 
735 
4,870 
2,020 
3,398 
2,112 
1,286 
7,900 
4,960 
55,098 


Table 87. National and Regional Urban Populations 
as Percentages of Total National and Regional 
Populations, 1980 and 2000 


1960 
(Actual) 1980 





United States®.. 69.9 717.2 
Northeast...... 80.2 82.4 
North Central.. 68.7 15:65 
BOWER geese si" oe 58.5 70.1 
West: 

Montana.....-.- 50.1 60.0 
LOBOS ‘tans ieusiece 47.5 Syrah 
Wyoming.....- 56.7 66.2 
Colorado..... reset) BS ead 
New Mexico... 65.9 83.2 
Arizona...... 74.6 86.2 
UtAals cscs ws © 74.9 82.1 
Nevada...... "e 70.5 84.8 
Washington... 68.1 75.8 
Oregon..... ee 62.2 TEMS 

86.4 89.8 


California... 


a/ Includes Alaska and Hawaii. 





82.0 


84.5 
80.9 
phan 


67.0 
62.6 
TEC 
89.9 
30 Wo 
88.7 
85.1 
91.5 
81.9 
78.3 
91.3 


Source: [5] and unpublished data, Bureau of Public Roads, 


1965. 
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APPENDIX TO CHAPTER III 


AGRICULTURAL COMMODITIES AND FORAGES 


Historical Time Series of Domestic Consumption and Exports 
of Food, Feed, Forage, and Fiber Commodity Groups 


Tables 88 through 93 in this Appendix summarize an- 
nual historical consumption statistics from 1948 through 1965 
for the agricultural commodities and forages projected in 
Chapter III. Except for minor differences in the classifica- 
tions of end uses which were made in order to refine projec- 
tion techniques, these series are compatible with the equiva- 
lent historical tables in Resources In America's Future. 
Differences in consumption reported since 1955 reflect revis- 
ions published subsequent to 1961. Significant changes in 
earlier data were made by the U.S. Departments of Agriculture 
and Commerce, following their analyses of the Census of Agri- 
culture (1959 and 1964) and Census of Manufactures (1963). 


Analytical Procedures Used 


The multiple regression equations used to project do- 
mestic consumption of agricultural commodities and forages 
are identified in tables 96, 97, 99, and 101 of this Ap- 
pendix. These equations represent the “best" solutions of 
hundreds of sets of statistical relationships developed by 
a step-wise multiple regression program. 


The selection procedure for choosing these particular 
equations considered many criteria. The percentage of varia- 
tion in consumption during the 1948-65 period which was ex- 
plained by the regression equation, and the economic logic 
which should be attached to the mathematical sign of each net 
regression coefficient, were of considerable relevance. How- 
ever, the statistical reliabilities which were estimated re- 
garding the magnitude of these coefficients, or the relative 
importance of the various explanatory factors and verifica- 
tion of their respective mathematical signs, were equally im- 
portant. Finally, an equation was not used for projecting 
consumption if statistical tests of the Durbin-Watson statis- 
tic indicated that residuals (differences between actual and 
calculated results) were serially correlated. 
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ee 


San Ree 


_ With very few exceptions, the coefficients of deter- 
mination (R2) of the equation(s) used indicated that well 
over 90 percent of the annual variation in historical con- 
sumption was explained by these models. The mathematical 
sign of each regression coefficient, or the "combined effect" 
of the signs of several different transformations of the same 
factor in a given equation, seem consistently logical and 
acceptable, except in the case of per capita consumption of 
cotton for all purposes. Furthermore, appropriate statistical 
tests confirmed that nearly all these coefficients were sig- 
nificantly different from zero at the 95-percent level of 
probability. 


Multicollinearity, or interdependence between indepen- 
dent variables, was minimized by proper and complete specifi- 
cation of models of economic determinants of consumption. 
Except for equations concerning cotton, correlation between 
independent variables did not distort equation solutions suf- 
ficiently to reverse logical signs of regression coefficients. 
High intercorrelations between time, income, and general price 
level were apparent during 1948-65, but these relationships 
did not disturb the solutions sufficiently to prevent most 
important explanatory variables from being included in multiple 
regression equations, except in certain cases involving food 
commodities (wheat and meats) and cotton fiber. Most of these 
variabies should continue to be related in much the same man- 
ner curing the next 30 years, according to the projections in 
Chapter II of this report. Under such stipulations, distor- 
tions because of multicollinearity should be negligible. 


Projections were based on the predetermined or i = 
ed values of the appropriate Sanocrishie and economic Bae 
abies presented in Chapter II of this report and on the values 
o= additional explanatory factors summarized in tables 94 
Dion tiny: and 100 of this Appendix. The subjective appraisals 
and statistical analyses leading to the final selection of 
most of the values actually assigned to many of these prede- 
termined variables cannot be described briefly. All appear 
consistent with the projections contained elsewhere in this 
report, and with contemporary authoritative statements pertain- 
ing to price relationships and technological developments 


which would significantly alt i 4 
tion. > y alter historical patterns of consump- 


For each consumption variable then i 
q 4 Ne : ’ ,one.or more. satis- 
AeGERTY complementary regression equation was used to,make 
pee tic consumption projections for 1980 ana 2000. The. pro- 
cedures followed in translating the mathematical solutions of 
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these several equations into probable levels of total demand 
for each commodity varied somewhat. Generally speaking, only 
moderate subjective modifications of the consumption levels 
predicted by the regression equations seemed either necessary 
or appropriate. The outcome projected was normally weighted 
by each equation in proportion to the average statistical 
reliabilities of the various regression coefficients. For 
wheat and lamb projections, Nowever, conclusions which would 
have been drawn from these regression. coefficients strongly 
implied that recent declining consumption patterns would be 
reversed in the near future. Thus, the projections are not 
in. complete agreement with solutions for these particular 
regression equations. 


Procedures Used to Project Exports of Grains and Soybeans 


The preparation of plausible export projections re- 
quired a distinctly different methodological approach. First, 
the development of precise mathematical explanations of how 
and why exports varied during the years 1948-65 did not ap- 
pear particularly useful. Traditional patterns of world 
trade in grains and, more specifically, the U.S. share of this 
trade, were changed by the enactment of the original Food for 
Peace Act (Public Law 480) in 1954 and subsequently by the 
huge commercial import demand generated by rapidly rising 
personal incomes in both Western Europe and Japan. Further- 
more, Significant new changes in the structure of the inter- 
national trade in grains seem imminent, partly as a result of 
new legislation passed in 1966 (Food for Peace Act) and new 
agreements concerning international grain trade. Many ex- 
port determinants cannot be quantified. Some time series of 
appropriate variables are available, but most of the empirical 
data are limited to cross-sectionai estimates, such as per 
capita income elasticities of demand for aii foods in a given 
economy. Rather than rely heavily on such varameters, more 
formal methods of projecting exports were selected. First, 
trends of exports since 1954 were estimated relative to time, 
import demands in prime commercial markets, and population 
and nutritional problems of developing countries. Second, 
contemporary projections of probable U.S. export levels 
through 1985 were used to develop several modified, different 
rates of growth for exports which are likely to be achieved 
by 1980 and 2000. .These different levels of U.S. foreign 
trade in grains are the ones which were considered most 
likely, under a wide range of circumstances-which are explicit- 
ly stated. Such informal techniques are kotn plausible and 
defensible, and a number of apparently unlike assumptions, 
when combined in different ways, can produce very similar pro- 
jections. 
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The most significant determinants of trends in com- 
mercial sales of U.S. grains abroad will continue to be pop- 
ulation and income or foreign exchange earnings (or reserves) 
of our traditional trading partners. Concessional sales of 
food grains will be determined by U.S. foreign policies to- 
wards free world developing nations and food grain balances 
in these countries. While all projections assume that the 
economies of these countries will grow faster than popula- 
tions on balance, different assumptions were made concerning 
the capabilities of individual nations to increase per capita 
food consumption while maintaining a Satisfactory balance 
between agricultural production, food consumption, and total 
economic growth. Rapid growth in food production could per- 
mit increased per Capita consumption of calories and would 
permit imports of food commodities to be decreased. In con- 
trast, a rapid increase in gross domestic product accompanied 
by a moderate increase in agricultural production would in- 
crease food import requirements immensely. Unless or until 
these nations acquire sizable foreign exchange reserves, 
food imports will continue to consist largely of donations or 
concessional sales, since available foreign exchange undoubt- 
edly will be needed to finance economic development of both 
agricultural and nonagricultural sectors. 


All projections of grain exports presented in table 24 
of Chapter III are based on several implicit, nonquantifiable 
assumptions. Trade between free world and Communist countries 
in these commodities will not exceed the proportional shares 
of world trade attained in 1960-64, and the U.S.S.R. shoulda 
become a net grain exporter before 1980, but most of this 
shipment will be to other communist countries. U.S. foreign 
policies concerning food aid and promotion of economic devel- 
opment in free world nations will continue, consistent with 
the assumption that Food for Peace legislation as amended in 
1966 will become permanent. Actual food aid shipments will 
not exceed 1963-65 levels under most circumstances or equiva- 
lent percentages of government expenditures under other stip- 
ulations. However, multilateral food aid programs and the 
net flow of capital from developed nations to less developed 
countries should increase Significantly, at least to 1980 
and probably through the 1980's, regardless of aggregate 
balances achieved between agricultural production and food 
consumption in Latin America, Africa, and Southern Asia. No 
major shifts in patterns of world trade in these commodities 
Should occur which would alter Significantly recent U.S. 
shares of important feed grain and soybean markets. [In the 
case of wheat, gradual loss of commercial markets should be 
more than balanced by growth in shipments under aid programs 
or sales financed by favorable credit terms. Large 
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interregional shifts in distribution of U.S. wheat shipments 
should be anticipated. 


Differences in levels of grain export projections re- 
flect different explicit assumptions concerning growth rates 
of domestic product (agricultural and total) ana population 
abroad. Dissimilarities between estimated propensities of 
importing nations to buy U.S. agricultural products as their 
incomes rise explain much of the range in projections in both 
1980 and 2000. 


Similar factors explain the comparatively wide range 
of exports projected for soybeans. Low projections of foreign 
Sales of U.S. soybeans assume that exports will grow at a 
rate corresponding to increases in commercial feed grain sales 
to Western Europe and Japan. The real possibilities for much 
larger exports in 1980 and 2000 imply corresponding expansion 
of foreign oilseed processing capacity. Finally, domestic 
Supplies of U.S.. soybeans are assumed to be ample and to be 
offered on world markets at Prices fully competitive with 
other oilseeds and sources of vegetable proteins, 


Projections of Exports of Raw Cotton 


Important assumptions concerning alternate U.S. agri- 
cultural policies dominate all other factors which should 
determine levels of cotton exports during the next 30 years. 
Low projections (table 27 of Chapter III) are consistent with 
the assumption that lower domestic cotton prices will limit 
acreage and production so that only residual quantities not 
required by U.S. mills are offered for commercial foreign 
sales. Modest shifts in both demand and supply schedules 
during the 1980's and 1990's explain the increase in low pro- 
jections between 1980 and 2000. High projections for 1980 
assume that U.S. exports will Supply the cotton needed to 


balance total production and consumption in all other countries, 


and that foreign consumption will be encouraged and free world 
foreign production actively discouraged by U.S. policy. This 
policy would be to offer to sell cotton at sufficiently low 
prices in quantities necessary to acquire a much larger share 
Of world trade in raw cotton than U.S. commercial exports 

have attained since the early 1950's. The medium projection 
implies a similar U.S. policy, except that U.S. exports would 
only balance foreign free world production and consumption 

(no East-West trade in raw cotton or manufactures is assumed) . 
Again, lower world cotton prices are stipulated, if world 
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trade in cotton is to become large enough for U.S. exports 
to reach levels projected. 


Projections of high and medium cotton exports in 2000 
are consistent with similar stipulations. World cotton trade 
and U.S. exports are assumed to increase at the constant 
percentage(s) change each year as the average during 1980- 


2000, as was projected for the 1970's under similar circum- 
stances. 
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Table 88. 


ee eeee 


eer eee 


esoceorvee 


eeoeeee 


eeereee 


U.S. Wheat: 


Domestic Consumption, 
Total and for Food and Exports, 1948-65 


(Million bushels) 






594.7 
604.4 
602.2 


599'..8 
Jaleo: 
564.0 
546.2 
535.4 


530.3 
528.4 
544.1 
534.0 
541.0 


SoG 
29353 
523.4 
5 18). O 
669.3 


a/ Year beginning July l. 


B/ Includes wheat fed, small in 
and seed requirements. 


pending largely upon acreage. 
c/ Includes use by military at home and abroad. 
d/ Includes wheat equivalent of flour and other wheat products 


exported. 


Source: 


[9, 


20]. 
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Domestic consumption 


Total 
disappearance b/ 






Used as 
food c/ 


489.2 
492.9 
493.2 


496.5 
488.2 
487.2 
485.9 
481.6 


482.4 
486.1 
497.1 
497.3 
497.2 


50151 
500.4 
5035 
509.2 
5 isu 








Exports a/ 


504.0 
2992 
366.1 


475.3 
SL FS 
7a JE 
274.0 
346.3 


549.5 
402.9 
443.3 
509.8 
661.5 


De 
643.8 
856.1 
25-0 
867.4 


dustrial use (alcoholic beverage), 
The last varied from 95.0 to 61.4, de- 


Table 89. Feed Grains: Quantities Fed to Livestock 
and Poultry in the United States and U.S. Ex- 
ports, 1948-65 


(in millions) 


Quantity fed in U.S. 









Exports if 
(four grains) — 





Feed units Tons Tons 
1G4G 620-08 © 92.5 66.5 5.67 
LOADS. Sas 98.5 74.5 4.52 
45500. s cee 100.7 33 ok 6.61 
1 Ce ne - 102.5 75.2 4.92 
19S 24 pote c S21 67.7 5.08 
195%. <crue. 93.7 69.7 3.92 
1964.0. 0.4- 93.2 65.9 6.08 
obec ae © 98.4 69.4 8.07 
1956in «2. 96.2 69.9 7.34 
dey Ree 103.1 % .5 10.50 
19538... .ce 11139 80.5 12.80 
1956;-oen 11963 87.9 120k9 
1960;..a%0. | ey Be 89.0 Tia) 
196354... | 129.4 91.9 17.58 
1962; 52 | 123.8 90.3 16.55 
1965-20... &. 120¢2 86.2 18.75 
19642. ofa. 117.3 84.4 . 21.90 


1965.22.02 13020 95.4 29.09 


a/ Year beginning October l. 
b/ Corn, barley, oats, rye, sorghum grain, and wheat. 
c/ Corn, barley, oats, sorghum grain. 


Source: Six grains and corn from (6, 15], includes corn 
grains in corn silage. None of this data from 
1959-65 reflects revisions based on the 1964 


Census of Agriculture or 1963 Census of Manufac- 
tures. Exports from [8]. 
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Table 90. Soybeans: Quantities Processed by U.S. 
Oilseed Mills, and U.S. Exports, 1948-65 


(million bushels) 


Processed by 
domestic mills Exported 


Total 





TAG stareteteterels LB3e7 23-0 226.6 
LOAD cet etes eters EO5e3 pe hee 8 234.5 
LODO artes Share 252.0 ; 27-9 298.0 
ACIS Ne Fr as eee 244.4 17.0 284.4 
HS Eyes Pugs .- 234.4 31.9 292.3 
195 Sicmsretays = 6 213.2 39.7 278.0 
URS Se este Aromeec 249.0 60.6 332.4 
IES SS Brac oene F 283.1 67.0 379.4 
TOS Gerace uss 6) a: 316.0 - 85.7 443.5 
TOD Uh gaeve a oe 6 353.8 86.0 472.7 
1958 sie aie so aie 401.2 110.3 539.4 
1 O59 ere sates «le 393.4 141.6 SYiP4n( 9, 
1960. ...eee0 402.2 130.1 572.6 
L9OGL.. scenes 438.8 153.2 639.6 
1962....2ee% 474.5 180.3 703.1 
LIG3Z «cee cece 440.9 191.1 686.1 
LSI64— Seen 473.2 205<9 WAP) 
L965... dsc < 5 Mei 250.6 839.6 


a/ Crop year beginning October 1. 


b/ Includes seed use and unallocated loss or waste (residual). 


Seed use varied from 15.9 to 42.4 million, according to 
acreage. 


Source: [7, 18]. Data adjusted to October-September year 
whenever necessary. 
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b 


disappearance b/ 


-O0€- 
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Year 


Table 91. Salient Statistics Concerning Forage and Meat Consumption 
in the United States, 1948-65 


(in millions) 






















Livestock numbers .and forage « consumption?/ 


Feed nutrients obtained from forages 


Total consumption of 
selected meats&sb/ 


Lamb and 
Veal mutton 





Gosia een caper 
animal units 











Pasture “and | grazing 
Ber animal 


Harvested forage 


Total | Per animal 
unit 









nkt 
Tons of feed units, corn equivalent Pounds, carcass wt. equiv. 

82.1 93.4 13 48.3 57 9,163 1,384 733 

82.4 94.2 1.10 51.6 -59 9,439 1,310 609 

85.6 99.8 2.12 54.8 .~60 9,529 1,206 596 

90.2 101.2 1.07 57.4 -61 8,472 1,003 517 

94.6 102.9 1.08 59-7 -61 9,548 1,099 640 

95.7 103.0 1.07 60.1 +62 12,213 1,485 735 

96.2 107.4 1.13 62.3 ~62 12,743 1,591 730 

95.2 102.1 TUES i | 60.5 -65 13,/323.. 14532 753 

a 91.9 114.1 1.26 63.4 -66 14,121 2,572 735 
Ee 90.5 117.8 1.27 65.4 -70 14,242 1,481 709 
1958.. 92.5 112.7 1.19 65.4 eres 13,786 1,150 719 
ag 94.7 118.6 1.24 66.7 -69 14,202 990 830 
95.7 121.0 1.24 68.6 -70 15,422 1,093 852 

97.6 119.8 r.39 68.5 -70 15,875 1,021 923 

100.6 121.9 B38 70.3 -68 16,300 1,003 949 

103.3 126.7 1.22 70.4 -69 EF ,.577 913 908 

103.9 134.8 1.30 70.9 -68 18,879 990 795 

103.5 131.6 1.28 70.9 -69 19,032 992 716 


By Livestock numbers are based on years beginning May, forage use on years beginning 
October, and meat consumption on calendar years. Data include only the 48 conter- 
minous States. 

b/ By U.S. civilians. 


Source: Data from [6, 12, 15]. 





Table 92. Food and Industrial Uses of Grains Other Than Wheat and 
Rice, U.S. Consumption by Principal End Use or Industry, 
1948-65 









Alcoholic beverages 







Corn grindings 




















year?/ by wet-processing Breakfast 
Cornmeal foods Fermented Alcohol and 
malt distilled 
liquors spirits 

Theus. bushels oo w--e<-3=-<--- Thousand tonS---~------<-------=---- 
OND ons ois > 00 109 , 878 938.4 461.9 25,635.07, 1390.5 
MOBO. snes 116,174 947.3 469.9 270s ee 1,125.9 
NEON oO oishc-« ate 131,439 895.0 470.2 2. ,628...3 2,942.6 
BOSD oo ass a oie 129 ,049 835.2 486.0 2,650.6 1,524.0 
1952 6558 126,128 816.1 486.5 2,695.5 650.1 
DOIG :. «2.002 2 130,345 781.8 486.7 Qi saik 939.5 
OSA. . nes Z 130,940 (ieee 487.2 2 O02 het O27 .1 
ON as Bs coe 137,913 719.0 495.8 2,608.2 2,345.1 
CA eee 3 141,373 698.1 504.7 2,644.9 Leo7. J 
NET ote sa ona) Bi 139,391 676 25 522.4 Zp Oe we P25 
DR, . clevslele « 144,078 644.3 Saas 2,698.7 1,279.6 
BIO GO Ae se oie 153,011 619.8 566.6 25797 6 Loo enO 
TOGO... sc cee 153,471 596.3 596.3 PAP Toyah ae 1,268.9 
TS 3A A 157,125 578.8 606.4 2,629.6 1,444.1 
IBGQe 5.5 0 oreo 171,374 569.3 634.6 2,922.0 1,080.4 
W9GS.. wrcces 184 ,933 577.7 653.5 3,;110)..8 1,045.5 
DOGMA 6 s,p 00 193 ,863 557.4. 662.8 3725475 1, 073-5 
BD G51 oop! ..0 5 204,916 554.6 671.3 3,285.8 2s 


a/ Calendar year except for uses for alcoholic beverages, which are by fiscal years 
Beginning July 1 of each year. 


Source: Data from [3, 8, 9]. Alcoholic beverages calculated by Robert R. Nathan 
Associates from basic data. 
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Table 93. Cotton: U.S. Domestic Consumption of Cotton Fiber, with 
Comparisons, and U.S. Exports of Raw Cotton, 1948-65 





Total domes 


tic consumption 








Per capita 















Domestic consumption Exports 
Year3/ Apparel Other ' 
products uses Cotton 

PM On DOUnNdS =—s———> ee ee Poe Pounds-- Mil.1lbs. 

1948). az 4,025.7 Mie Le: -- 27.5 41.4 2,486.5 
ANTE See 3,472.6 1,349 2,423.46 233.3 eyoat 3,002.0 
Di OIS Oise «te 4,464.1 1,462 3,002.1 29.4 45.6 2,104.0 
oS Lorena 4,513.9 1,417 37096 «9 7B S) 44.1 Pipa foiley sls: 
LOS 2 rs 4,165.1 L242 2,623.1 26.5 41.5 1,590.5 
LOSS ceecets 4,209.4 1,648 - 2,561.4 26.4 41.5 1,957.0 
DOO 4 eis 3,885.6 1,608 2,277.6 aoe 38.3 Le 2eD 
BOG Doe 25s 4,206.6 i 9 2,447.6 25.4 43.5 1,160.0 
HOS lr. 4,216.0 1,701 Ai S15 n0 PAS yey Tt 41.6 3,958.0 
EOS ore ay 3,878.0 1,672 2,206.0 22.6 Bor 2791965 
EDs Olen erese 3h 12980 1,677 2,052.0 21.4 37.6 1,447.5 
HBR) 5 Sia 4,274.4 1,824 2,450.4 yx ee 43.4 3,696.0 
SUS OO ero ite 4,232.8 1,.769 2,463.8 23.4 4027 3,428.5 
19 G1 wees. |) 47,0485 5 1,789 2,259.5 22.0 40.4 2,457.5 
DO 2iaie1's ere. | Bp LT ipa 1,871 2,406.5 22.9 44.0 1,675.5 
NG Siete ters) ea; 1G 7 1,855 2,281.7 21.8 45.4 2,831.0 
OG 4i acct = | 4 Slee 1,943 2,388.3 2245 48.6 2,030.0 
elo OSs en's) | 4,064. 3 n.a. -- 24.0 54.1 1,471.0 


a/ Calendar year except for exports, which are summarized by crop year beginning August 1. 
b/ Expressed in cotton equivalent pounds. 


Source: Data from [16, 21]. Other uses and exports calculated or converted by 
Robert R. Nathan Associates from basic data. 





Table 94. Selected Economic Determinants for Quantities of Grains Fed 
and Soybeans Processed in the United States, 1965 and Estimated 
Values for 1980 and 2000 
Commodity and predetermined factor 1965 xe a SES RG Es 2000 


(independent variable) 


CRIN SRA Ope 
os {iactuar) | vow | medium | igh | tow | meaium | wign 


* Total grain 







Livestock prices/Feed grain and hay prices; 
ratio of index numbers ‘ 


Sys. situ) ae Kelisvols st enteltetie) at shan’ 9051. 100.7 114.7 90)4 103.4 - 22328 


Personal consumption expenditures times 
(retail price index for all food items 
divided by livestock price index) 


Oe Goer ae ee 888 .3 966.2 86227 9 2,025 2,170 1,926.2 


Total high protein feede fed/all concen- 
trates fed; ratio of quantities expressed 


in feed units 0.198 O. U9S* (0'.207 0.205 


0.203 


Total feed concentrates fod per grain- 


consumina livestock production unit 02795 0.69 0. 0.9325 


Price 9f high protein feeds/price of all 


=tuot- 


ree 


Corn 
High 


ing 


Tons 
all 


as purchased; ratio of index numbers... 


Protein feeds fed per yrain-consum- 
animal unit, 


of high protein feeds fed/tons of 
concentrates fed; ratio of actual 





EQUA B's ate- ah ye essere UN ctaea, |e came. : 


120 


0.14352 


0.14648 


251 120 


0.14865 0.209119 0.213433 0.220887 


139 


180 


WEE GIES iain. Siecetornis F< iowginies anon ey Pee Miata 


OL 227 
107.6 


0.123 
LO2:.1 


0.120 0.1349 
D720. 107.6 


0.1265 0.123 
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99.8 
Livestock prices/feed grain and hay prices; 
first difference of ratios of index 
numbers 


+13.8 


Soybeans 


FRB Index for Food Manufacturers..........,. L167 5 173.6 175.6 212.9 224.8 


Livestock prices/feed grain prices; 
of index numbers 


ratio 


Wiese (Ge wie’ oi6 ae Re retta ge aller auenera ye 93.0 103.0 o15.8 93.0 116.0 


Livestock prices/feed grain prices; first 
difference of ratio of index number 
a ee eee oe 


Source: 1965 data -- Price indexes from (3); feed consumption and pasture and range condition data from 


(8] or from [6, 15]; FRB indexes; and calculations of all ratios and first differences by Robert 
R. Nathan Associates. 


eee +1.7 +3.29 +5.0 a? a | +3.29 +5.0 


=VOE= 


yactor projeoned and edete auined 
factor (independent variable) 


Roughage-consuming animal units 


Livestock prices/retail» prices of 
all foods; ratio of. Index. number 
lagged .2rvears: .chGbs wea ceaans 


Pasture used/animal unit 


Personal disposable income per 
capita times the ratio retail 
price index for all sitesi live- 
stock prices index. ...useee Baia ani 

Pasture and range condition, sea- 
son following winter feeding, 
index number.......... PES ry ANS aS 


Hay prices deflated by-- a/. 
Feed grain and hay price index® 


ay 


Purchased feeds price index— 


Pasture used/animal unit and har- 


vested roughage fed/animal unit 
a/ 


Livestock price index= 


Harvested roughage fed/animal unit 


‘High protein feeds fed per high- 
protein-consuming animal -unit,lbs. 


Pasture and range conditions?’..... 


Livestock prices/feed grain. and hay 
prices, 


oe ee wpeoeereees 


a/ First difference of ratio. 


1965 
(actual 
or ease) 


84.7 


2,448.3 


+0.004 


b/ 0.000 used for invested roughage projection. 


c/ First difference of index numbers. 


1980 


Low | Medium 


79.8 


3,997.4 


712.9 


= 2 oS 


-2.81846 


+3.458346 


305.03 
0.00 


-4. 38433 





80 


4,565 


ish 


+0.46111 


+0.24444 


+0.20556 


312.8 
-0.11667 


+0.71567 


d/ First difference of ratio of lagged values of index numbers. 


Source: 1965 data from (35196 7278 15). 
Nathan Associates. 
TS —— 


Calculations of all ratios and first differences by Robert R. 





92.2 i a) 74.20 92.2 
4,209.3 7,329.8 7,854:0 | 6,971.8 
61,1 71.9 76 86 
+3.27957 same as 1980 
+0.46111 same.as 1980 
~3.047222/ same as 1980 
314.1 444.4 474.0 476.0 
+4.12490 same as 1980 
+5.81567 same as 1980 


tad 
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Table 96. Statistical Relationships Between Selected Indenendent Variables and Quantities 
of Grains Fed to Livestock and Poultry in the U.S., and Quantities of Soybeans Processed 
Domestically, annually, 1948-65 


Percent of 





All grains fed to livestock and poultry variation Description of variables 
Fras explained 
* 2 
x, = 913.71 + 0.00012 {(x,)* + 153.29142(x,)* + 
0.00148 (X )? 95.4 Xx) = All grains fed, in millions of tons of feed 
e 4 units (corn equivalent) 
Pie ee OSE est ee Aes ReSUONA l= rare 40% X, = Personal consumption expenditures in hillion 
OS ig macteae bate 1958 dollars times [consumer price index all 
ites S Ae ere ey food commodities (1957-59 = 100) divided by 
7 =. 253.283 fale Shy! 208 bre! £72.396 70%. price index for livestock (1957-59 = 100), 
; ; . a 
“+ 0.33464xX, + 0.24399X, 97.3 this: rabie Goes cue 
D.W. statistic indicates residuals are not X3 = Total concentrates fed per livestock procuc-— 
serially correlated tion unit based on concentrates, tons. 
Corn fed to livestock and poultry X4 = Ratio of index cof livestock and product prices 
A to feed grains and hay prices, multiplied by 
X, = Da oat 1217.84729X, = 1152.68419xX, = 100. Both indexes, 1957-59 = 100 lagged 1 year. 
0.15046X) > : Pie Xs = High protein feeds fed/total feed concentrates 
ie : ¥ : 3 
D.W. statistic indicates residuals are not fed. wAth botieteqds jexpEesaed iheteed teats 
serially correlated Xe = Ratio of index of prices of high protein feeds 
1 ¢ to all purchased feeds, multipled by 100. 
ania -00649 - 0.17730X, + 0-15303X, + 0.00002 X10 Both indexes (i357-59 = 100). 
7 + 0.00005x,, 97.2 X, = Corn fed, in millions of tons. 
ee High protein feeds fed per grain consuming 


animal unit, tons. 


Continued-- 











Table 96. Statistical Relatierships “etween Selected Independent Variables and Quantities 
of Grains Fed to Livestock aad Poultry Im Ene vucsS., and Quantities of Soybeans Processed 
Demestrcally, anmnuaeddvy  i9ee-65, continuce —— 
Percent OF 
Soybeans process by U.S. oilseed mills Variation Description of variables 
5 pits: Masa Ss. e z explained sate See 
A of = aay: 1S + 6-62142x fOr OL ess. ye | Rea Rape OF “hagh protein ooo re? to als feed 
tz A3 if ? concentrates, by weight Pee 
#}-29930X,. 97.1 face coe aaa 
ig = First difference: Ky this year minus xX, 
Bs 2 
x = —_ a 3 
12 1600.41 + 372.38425 (Log) 4 X43) last year. 
+ 121.30217 (Log, 4X1 4)° pec oS ae Ratio of average price received by farmers 
I : : é Syste = re e for corn to index of prices of ali feed crains 
Ww. Deve Stacrstre Indicates, Tesitduals are not (1957-59 ©8100%8* t3mmes 100, ¢bu lated eae 
= serially correlated. 4 ‘ ie? ema : 
t 
X1> = Soybeans processed, millions of bushels, crop 
year beginning October 1. 
Statistical significance of Regression Coefficients: 
*Indicates that all regression coefficients in X13 = FRB index for foot manufacturers (1957-59 = 
this equation are significantly different from 100), not seasonally adjusted, lagged 1 year. 
zero, statistically speaking, at 95 percent level A 
of probability. Xy4 = Ratio of index of livestock prices to feed 
. ; ; : : i i iplied 100 t feedi 
#tIndicates that this particular regression coeffi- cae Pri copy uti ies ye ecdins 
cient is not significant, in tne above sense. : 
AP] . : . 
ae a ae eae SAE ACESS SS ETON NS Xs = First difference: X14 current year minus Xi4 
are significant). last year. 
a/ in second equation, this variable is PCE in billion 1958 dollars. 
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Table 97. Statistical Relationships Between Selected Independent 
Variables and Roughace-Consuming Animal Unit Numbers and For- 
age Consumption per Animal Unit, 1948-65 


Percent of 
variation 


explained 


Roughage-consuming animal units fed annually Description of variables 





serially correlated 


Roughage-consuming animal units, millions, 


xy = 461.76187 - 0.56253X5 - 11770.5262e6 (1/X>) Xy 
- 19,010.35156 (1/X3) - 0.74873X4 Year beginning May 1 
- 4,802.14215 (1/x4) - 0.06506 X5 94°57 
a X92 Ratio cf indexes of livestock and live- 
Xy =——381 55° —6 0.443 lexXoe—6S2955. 2981 (1/xX9) stock prices to CPI All Food Commodities, 
- 1.04366 Xq4 - 7,992.88904 (1/X4) times 100, lagged 2 years. Both indexes, 
+ 0.10598 X6 90.0 1957-59 = 100 
DW statistic indicates residuals are not X3. Personal consumption expenditures, 
serially correlated Bbiidions sO t95or> 
Pasture used/animal unit X4 X%14' Table III-9, lagged 2 years 
10 Logjg X7* = 0.02668 + 0.03726 (Logi9 Xg) Xs X14' Table III-9, lagged 1 year 
+ 0.00219 X10 98.2 X6 X2' Table III-9 
10x," = 15.03939 + 0.96757 (Logj9 oe = 4.64534 X7 Pasture/used animal unit, in millions of 
(LOg}9 X9)2 + 0.10844 X11 - 0.04507 X12 97.8 feed units (tons) Year beginning October 1 
DW statistic indicates ‘residuals are not Xg Personal disposable income per capita, 
serially correlated 1958 dollars, times (consumer price indev 
a all food commodities (1957-59 = 100) 
10X, = 4.73530 + 0.00162 Xg + 0.00068 cays divided by price index for livestock 
+ 0.06794 Xj}9 - 0.00549 (X10) 98.4 (1957-59 = 100, this ratio times 100) 
DW statistic indicates residuals are not X9g USDA's Index of Pasture and Range conditions 


for season following winter of feeding year 
beginning October 1 


Continued-—- 


= O0C— 


Table 97. Statistical Relationships Between Selected Independent 
Variabies and Roughage-Consuming Animal Unit Numbers and For- 
age Consumption per Animal Unit, 1948-65 


Roughage-consuming animal units fed annually 
Harvested forage fed/animal unit 


1/X,3° = 0.81975 + 136.74088 (1/X,4) -0.00167 x,5 


* 


Log X13 = 1.17180 + 0.00029 (x,,~)* - 0.00054 (x13)? 


continued-- 


Percent of 
variation 


_explained 


96.0 


*. Indicates that all regression coefficients in this equation are 


X10 


X12 


X14 
X15 


X16 


statistically different from zero, at 95 percent level of probability. 


Description of Variabies 





Average price of hay, U.S., July-dJune 
average, $/ton, deflated by price index 
for feed grains and hay (1957-59 = 100), 
and multiplied by 100; first difference 
of this ratio 


Same hay prices as used in XjQ, but deflated 
by equivalent index of prices paid by 
farmers for all feed purchased, and multi- 
plied by 100; first difference of this ratio 


Same hay prices as used in Xj9, but deflated 
by equivalent index of livestock prices, 

and multiplied by 100; first difference in 
this ratio 


Harvested roughage fed/animal unit, tons 
of feed units. 


High-protein feeds per high-protein 
consuming animal unit, pounds per animal 


Xq (table 96), first difference between 
values of prior 1 and 2 years 


Pirst difference, Xg above 


SOS= 


Table 98. Selected Economic Determinants of Domestic Per Capita Consumption 
of Meats and Certain Consumption of Grains for Food and Industrial Pur- 
poses, 1965 and Estimated Values for 1980 ana 2000 


eS ee 
Commodity or end-use and | 1965 
predetermined factor (Actual) 












(independent variable) i 
$ 
Beef 
Retail beef price deflated, ¢/lb... 756.0 104.2 98.3 90.5 135-73 104.2 98.3 
i 
Corn Processed by Wet-milling 
industry 
Corn oil price, crude, Decatur, 
deflated by index of prices 
received by farmers for oil- 
BEATING -Gropeys + ib? = 4.2.2 nee 14.1 11.3 11.0 10.3 IES S 9.8 $55 


All grains used to make fermented i 


malt liquors 


Personal consumption expenditures : 
for alcoholic beverages per Capita, 
eR AESGe! oe mei. cca es: 59.75 67 77.5 81.5 78 94 112 


Wholesale price index for alcoholic 
beverages, deflated by CPI for all 
Etems (1957-59 = 160)... 63... eso 93.15 98 93 90 94 82 73 


Lamb and Mutton 





Lamb price, retail, deflated, ¢/1b.2 73.1 95.9 88.5 80 99.8 93.7 83.5 
Lamb-beef price ratio at retail.... 975 592 -90 - 884 392 -884 -74 
Veal 

Veal price, retail, deflated, ¢/1b2/ 76.1 107.4 85.7 64-05 24 ————— -Not calculated--- 
Veal-beef price ratio at retail.... 1.015 1.031 -974 2947 «2 =-=---——— Not calculated--- 
Wheat 


Average wheat price received by 
farmers deflated@/ and adjusted 
for certificates purchased by 


domestic flour millers, ¢/lb...... 213.4 262 224 192 292 264 232 
a/ These prices were deflated by consumer price index for all food commodities (1957-59 = 100). 


Source: 1965 data —- Retail meat prices [13]; corn oil prices [18]; alcoholic beverages [17]; 
price indexes [21]; and wheat prices [3]. 
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Table 99. Relationships nessa Selected Independent Variables and Domestic Consumption 
of Indicated Meats and Uses of Grains for Food and Alcoholic Beverages, 1948-65 


Percent of 
Variation 














Per cavita beef consumption explaines Description of variables 
* 2 
x) = =315.62 + 0.13966, te 6.28156xX, = 9.00002 (X,)~ Xy = Per capita consumption of beef, pounds, 
~ 0.04378 (x Me 99.1 carcass weight. 
area : X. = Per capita disposable personal income 
Dewlestatastic andicates that residuals are 2 < a 
fi oe ; 1958 dollars. 
not serially correlated 
a x, = Retail price per pound of beef (estimated 
xX =9—556" 4073 sb sied 89775 Log = 35.25928 wtd. avg. price of retail cuts, cents), 
1 Ge 2 a ee : 5 
(Lo ‘Es 96.7 deflated by consumer price index for all 
Ji0%3 . fooc commodities 
Total corn consumed by wet-milling industry aA a Cen giind ings (by wel. proces Sy 7 vousone 
ae —— SS bushels. 
* 
Ne, eae 6, SoUn ot 1,224.33707X. - 1,839.95016X, 99.1 Xe = FRB index for food manufacturers (1957-59 
Add to constant the sum 20,770.1 when . ee) 
using for any year 4 1960. Xe = O any year before 1961; same value as Xs 
pees =1 5252013) = 35, 59617(= ) + 0. o0048x, 96.2 anyuyeatsat tenghage- 
a #4 ae x5 = Corn oil, Decatur, crude, cents per pound, 


deflated by index of prices received by U.S. 


* 
ag 5 - ; : 
x 35,862.14 + 1,202.57971x- + 183.48873xX farmers for all oil-bearing crops (1957-59 


6 


= 66.49678X. ee = 100), times 100, lagged 1 year. 
Per capita use of all grains to make alcoholic Xe r3 grains used to make fermented malt 
= liquors, pounds per person 17-69 years of age, 
everages Sites 
ge= z 2 year beginning July l. 
Xg = 105.16 + 0.35860%, - 0.71701x + 0.00501(X.,) 89.0 
* 4 oY, a X, = Personal consumption expenditures for alcoholic 
X, = 119.78 + 0.35215xX, - 0.84894) ae . x : : x 
8 8 Rsg>2° 9 pas? *i0 edie , beverages in dollars per capita, deflated by 
L 10x Sehr as 7 475 _ consumer price index for all items, for pre- 
eg 12 4 a DPBS 26 a 11 vious calendar year. 
0.939020X%,, + 0.000204 88.9 


1 
® "13 X19 = Wholesale price index for alcoholic beverages 


deflated by consumer price index for all items, 
for previous calendar year. continued-- 


en So 


Table 99. Relationships Between Selected Independent Variables and Domestic Consumption 
Uses 


i 
of Indicated Meats and of 


Per capita consumption of laine anu 





mutton and veal 


“ 


erate Ge 051100 2N5, + peotady (3559 = 
TMEIFOX | PIFEILIASIIZ, | 
ean rete eo eo neg. x.) 
ce; 210°i8 7 
ie 490s (hogy 8: {874215 "Log, 5X a 


Per ita consumption of wheat for food uses 








* 
i) 


x 20 7 ee 0.00843x, f 0 -000090193889(X,) 


D.W. statistic indicates tnat residuals 
are not serially correlated. 
x 2 
r == — 5 x te ot 
x rT) aa a263 0.07618xX,) + 0.00183(%,,) 
0.00101x,, 


Statistical Reliability of Zegression Coefficients 
*Indicates that all regression coefficients in 
this equation are significantly different from 
zero, statistically speaking, at 95 percent level 


of probability. 


#Indicates that this particular regression coeffi- 
cient is not significant, in the above sense. 
(All other regression coefficients not so marked 


are significant). 


Percent cf 
variaticn 
explained 


UNS bag} 


for Food and Alcoholic Beverages, 1948-65, Continued-- 


Description of variables 





Taxable withdrawals of whiskey from ware- 
houses, gallons per ten persons bctween. 
i-69 years Of age: 


First difference, Ao 
Per capita consumption of lamb and muttcn, 
pounds, carcass weight. 


Retail price per pouna of lamb, choice 
grade, in cents, deflated by consumer price 
index for all food commodities. 


Ratio of lamb price (X to beef price {xk 


15) 
Per capita consumption of veal, pounds, 
carcass weight. 


Retail price per pound, veal cuts, cents, 
deflated by consumer price index for aii 
food commodities. 


Ratio of veal price (X} 9) to beef price (3). 


Per capita consumption of wheat for food, 
bushels. 


Average price received by farmers for wheat, 
cents per bushel, adjusted since 1964 for 
value of millers certificate, deflated by 
consumer price index for all food commodi- 
ties, and multiplied by 100. 


Cite 


Table 100. Selected Economic Determinants of U.S. Domestic Consumption of Cotton Fiber 


for All Purposes and for Apparel Manufacturing, 1965 and Estimated Values for 1980 
and 2000 


Predetermined factor 1965 2009 
(indepenuent variable) (Actual) Ww Hd 












End Use 


All and apparel; FRB index for apr: 
PLGAUGES pREENCeCXMMOR . ssc scts S Es etch Sins eiehc ow-eie Se ee Sal. 257.4 280.4 288.5 488.6 Si Maca & 638.6 


All useses FRE. index. for texti le’sad il 
PSEOGUCE SMELT? TiOhMere et men. s crelal s,s oi6 ww a0. ace as 134.9 207.9 2258 229.3 SY ooweer/ 426.6 466.2 





All uses; FRB index for textile mill 
products, first difference of index no. ... +20 seis Us| Gee eechor S25 pi bisy-y! 0) rele esd a See 


All uses; cotton consumption/rayon and 
acetate consumption; first difference 
OFith reewye are (AVerAGe os. Sls rere sc siixle sl « 0 0 ee ae “ +0F 02 =sO0627 -.0656 0.0 ihe -.03 0.9 


Apparel only; cotton goods/prices of man-. 
made textile fibers; ratio of wholesale 
DEMCeRINdEXES 520s 2%. caidls s cvecte SMe cos Se 5 Ge ui ces 1.04 ese L0cee ebs06 bos Tres 1.68 


Source: 1965 data from [16]. 


Statistical Relationships Between Selected Independent 


Variables and Domestic Consumption of Cotton Lint, 1948-65 


Table 101. 


Percent of 


Description of variables 


variation 
explained 


Per capita consumption of cotton for 


urposes 


all 


1/x, 


= Per capita domestic consump- 
tion, pounds 


x 


0.07578 + 0.00078X, - 0.00111x, 


a 
nn 
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ot 
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+ 0.00012%%, (D.W. statistic 


indicates that residuals are not 


serially correlated) 


100) 


= FRB index of apparel products 
(1957-59 


~ 
* 
(oa) 
ri 
fop) 
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Pes 
foo) 
et 
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X4 = First difference of X5 


statistic indicates that re- 
siduals are not serially correlate 


(D.W. 


= Ratio of cotton consumption 


to rayon and acetate consump- 
tion, 3-year average centered 


on middle year, 


Xe 


d) 


Total consumption of cotton for apparel 


manufacturin 


first differ- 


Total domestic consumption of 
cotton for apparel, million 


n 
o ue} 
g 825 
F 8, 
i] 
ite) 
* 
(oe) 
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ed 
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7 N oO 
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= Ratio of indexes of wholesale 


x7 


bability. 


different from zero at 95 percent level of pro 
The rest of the coefficients in these two equations 


prices of cotton goods to man 
made textile fiber products, 


lagged 1 year 


in this statistical sense. 


were significant, 


APPENDIX TO CHAPTER IV 


CHEMICALS AND FERTILIZERS 


Analytical Procedures Used 


The regression equations used to project the consump- 
tion by industry of phosphate rock, potash, and sulfur are 
described in table 102. Projections were based on the prede- 
termined values of industrial output identified in table 103. 
The methods for calculating these values for each independent 
variable (except FRB index of total industrial production) 
are summarized in table 104 footnotes. All of these projec- 
tions are consistent with the assumptions concerning project- 
ed industrial output (total or nondurable manufactures) pre- 
sented in Chapter II of this report. 


Alternate regression equations were developed to ex- 
plain industrial use of phosphate rock and sulfur. None was 
used for projecting future consumption. Phosphate rock con- 
sumption for industrial purposes between 1948 and 1965 was 
explained in a less satisfactory manner as a function of the 
common logarithms of a composite use index (R2 = 0.945). This 
index consisted of the sums of the FRB index of industrial 
production of soap and related products times 0.333 plus the 
FRB index for chemical, petroleum and rubber multiplied by 
0.667. The quantity of phosphate rock reduced to phosphoric 
acid during 1948-65 also was explained as a function of com- 
mon logarithms of the FRB index of industrial chemical pro- 
duction. Less annual variation was explained by this trans- 
formation of the independent variable (R2= 0.964), and the 
relationship seemed less appropriate for forecasting purposes 
than did the linear function selected. 


Apparent domestic sulfur consumption between 1948-65 
was explained more by total industrial production than by a 
special composite use index. The simple regression equation 
using this special index explained 97.5 percent in annual 
variation in consumption. The index was calculated as the 
sum of the FRB index for fertilizer manufactures times 0.333 
and the FRB index for chemicals, petroleum, and rubber multi- 
plied by 0.667. Evidently the industrial uses of sulfur were 
so diverse that no simple improvements could be made on total 
industrial output as an explanatory factor. 


Preceding page blank 
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Analytical Procedures Used to Project Consumption 
of Phosphate Rock and Potash for Fertilizer 


The multiple regression equations selected to project 
agricultural demand for phosphate rock and potash are des- 
cribed in tables 105, 106 , and 107. The second equation for 
phosphate rock was used only to predict high consumption in 
1980 under the stipulation that major advances in phosphatic 
fertilizer technologies would occur during the next decade. 


: The projections were made with the aid of these esti- 
mating equations, using the predetermined ( calculated) values 
of independent variables shown in table 103. - Methods used 
to select these assumed values are outlined in table 104. 


The equations actually used for projecting consumption 
represent the "best" solutions from about 60 different models 
Or specific combinations of variables. For phosphate rock, 
different combinations of 11 independent variables and the 
consumption variable were tested, and mathematical transfor- 
mations of this basic data enabled the step-wise multiple re- 
gression program to select from a total of 38 variables. The 
analysis of potash consumption was equally extensive. Here, 
8 independent variables and the dependent variable were trans- 
formed, usually by logarithms, reciprocals, and raising the 
variable to the second power, into 35 "different" variables. 


“ee Final selection of equations was based on the economic 
logic and statistical significance attributable to the net 
regression coefficients, as well as to the percentage of var- 
lation explained in the past (1948-65), or "closeness of fit. 
The presence of serial correlation among the residuals, as 
detected by the Durbin-Watson Statistic, was sufficient to 
eliminate that equation from use for projecting consumption. 


Projections of Exports of Phosphate Rock, Potash and Sulfur 


Preliminary calculations of projected exports of these 
three minerals were based on linear or logarithmic projec- 
tions of trends in exports between 1954-66 for phosphate rock 
and potash, and 1962-66 for sulfur. Adjustments to these 
calculated values were made in most cases. Generally, these 
modifications reflected shares of world trade in fertilizer 
materials acquired recently by U.S. exporters, explicit 
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growth rates in fertilizer consumption and production in de- 
veloping nations, and similar projections for Western Europe 
and Japan. Potash shipments reflected estimates of the quan- 
tities of Canadian production estimated to be available for 
importation into the United States. Sulfur projections were 
consistent with export shipments projected for phosphate rock, 
since demand for both minerals will be closely related to the 
needs of foreign fertilizer manufacturers. 


For example, high projections for phosphate rock were 
consistent with estimated growth of world consumption of phos- 
phate fertilizers through 1975. Subsequently, we assumed that 
important new phosphate mines would reduce the U.S. share of 
this trade by as much as 40 percent. On the other hand, our 
lowest projection is that as much as 15 percent of our estab- 
lished markets will be lost to other exporters by 1980. Be- 
tween 1980 and 2000, more phosphates should be exported since 
processed phosphates and important new phosphate rock deposits 
recently discovered in several continents should supply more 
of the phosphate needs for India-Pakistan and other less- 
developed regions. 


In contrast, low projections for potash exports were 
based on extrapolations consistent with the assumption that 
most potash will be supplied by Canada and Europe. Therefore, 
U.S. exports would expand at a decreasing annual rate, rough- 
ly proportionate to the logarithmic function of time (1954 = 
1). Our highest projections of potash shipments during the 
next 15 years reflect extrapolation of linear trends since 
1954. After 1980, highest estimates imply that potash ship- 
ments will grow increasingly rapidly, reaching annual growth 
rates in the 1990's comparable with the estimated growth rate 
of world fertilizer used then (10 percent each year). These 
enormous estimates are also consistent with these implied as- 
sumptions: (1) That U.S. exporters by 1990 will regain recent 
cent shares of foreign markets in developed and emerging na- 
tions; (2) that slightly more potash relative to phosphate 
will be used in less developed countries than under current 
fertilizer practices (i.e., that the nutrient ratio of 
N:P50,:K,0 will be 4:2:1.5). 


Parameters for sulfur exports were established ina 
similar manner. However, none of the projections implied 
that sulfur exports would grow at an increasing (exponential) 
rate, compared with 1962-66 trends. Highest projections for 
sulfur shipments were constrained by estimates of phosphate 
rock available for export. Our lowest projections implied 
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that sulfur exports would expand, on the average, at annual | 
increments which would decrease over time. Medium projec- : 
tions through 2000 imply that exports will, on the average, 

increase approximately 23 percent each decade during the 

next 40 years. 


Development of Historic Time Series of Domestic Consump- 
tion oo Principal End Uses and Gross Exports 


Annual data reflecting consumption of phosphorous 
pentoxide, potassium oxide, and sulfur from 1948 through 1965 
are included in tables 108, 109, and 110. Neither the Bureau ; 
of Mines nor the U.S. Department of Agriculture statistical 
reports contained annual estimates of gross quantities of the 
two chemicals used in fertilizer manufacturing [7, 9]. Brief- 
ly, USDA consumption series underestimate shipments to agri- 
cultural customers, especially in the case of phosphate rock. 
On the other hand, Bureau of Mines data of consumption for 
domestic agricultural purposes were much higher than warrent- 
ed by the reported output of agricultural chemicals, includ- 
ing fertilizers, particularly since 1960. In the case of 
potash, equivalent series diverged sharply during the 1960's. 
The two series presented here attempt to reconcile these dif- 
ferences. 





Domestic consumption of these raw materials includes 
all or most of the quantities processed by domestic manufac- 
turers for both domestic and export sales. Although some 
double counting may be included in these series, it is prob- 
ably more than offset by incomplete reporting of foreign 
trade with Canada and Mexico. Further complicating practica 
consideration of developing precise measurements of histori- 
cal consumption of these minerals are the following factors: 
low values per ton, huge quantities shipped or used, and in- 
adequate sampling of the quantities of chemical compounds or 
sulfur contained in shipments of raw materials. 
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Relationship of Annual Domestic Consumption of Phosphate Rock and Potash 


by Nonagricultural Industries, 


ion 


umpti 


1948-65a/ 


Sulfur for All Purposes, and Use of Phosphate Rock 
ic Acid and Sulfuric Acid for Domestic Cons 


and Export, with Selected Measures of Industrial Output, 


and Sulfur to Produce Phosphor 


Table 102. 
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To convert to sulfur, multiply by 


Independent variable is in common logarithms. 
1948 omitted from data from which regression equation was calculated. 
Expressed in thousand short tons, 100 percent H,SO,. 


actor 0.26948. 


e/ 
£/ 
q/ 
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Source: 
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Table 103. .Selected Economic Determinants for Domestic Use of Phosphate Rock 
and Potash, 1965 and Calculated 1980 and 2000 


1965 & 1980 s 2000 4 
Actual | Low Medium High Low | “Medium High 
ACEL Li ght 


Deposits of country banks 176 312;.'5 341.5 351.7 146.1 766.2 848.2 
(index no.) 
















Predetermined factor 


End use and commodity (independent variables) 








Agricultural use of: 


P2% and K320 


P3205 Fertilizer price/farm pro- 55.9 56.1 53.3 51.4 56.1 49.1 48.1 
duction costs; ratio of 
index numbers 

P3205 Nutrient price ratio: P205/ 49109 +0.195 +0.079 -0./037 +0.195 +0.079  -0.037 
K20; first difference of 
ratio of deflated prices 

P3205 Total cash receipts from -1.3 -4.3596 -0.11667 +4.12628 -4.3596 -0.11667 +4.12628 
crops and livestock; first d 
difference of index numbers 


K20 Potash price factor - 388 AOE e) - 382 411 2255 - 382 -435 


Industrial use of: 


P05 FRB index of industrial 196.3 452.8 . 504.9. 523.1 971.4 1491171.8 1138.7 
‘ chemical production 
K20 Composite use index 136.4 238.4 259.0" "266.1, 442:5 .521.3 "B95.1 





a/ For detailed description of these series, including methods of estimating (predetermining) 
values in 1980 and 2000, see corresponding rows and footnotes of table 104. 


Table 104. Selected Economic Determinants for Domestic Consumption of 


Phosphate Rock and Potash: Changing Patterns Between 1948. nd 1965, 
and’ Methods of Projections to 1980 and 20008 


Past trends in three-year ‘averages 





Explanatory Factor 1948-50 








Deposits of country banks (index numbers) B/ 
Fertilizer prices/farm production costs&/ 


Nutrient price ratio: P50</K20; first 


differenced +0. 107 





Total cash receipts from crop and livestock sales; 


index numbers of (first differences) -4.5 -2.0 +2252 

Potash price factorf/ 0.468 0.422 0.382 

FRB index of industrial chemical product iond/ 42.6 89.8 179.1 

Composite use index (potash)b/ Mihe 96.4 129.0 
(1949-51) 


Continued-- 


Tavie 104+° (Continued=- 


a/ Methods of calculating assumed (predetermined) values are 
summarized below (b/ through h/): 


b/ 


Regression equation Y = 0.29772x - 8.73, where 
X = GNP, in billions of 1958 dollars. 
This relationship was developed from 1948-65. 


Index number of total deposits of country banks in 20 of 


the leading agricultural States (1947-49 = 100), for previous 
year. 


c/ 


For low assumptions, 1963-65 averages were used. 

For medium assumptions, regression equation Log Y = 1.7853 
-0.001782x, where x = time (1980 = 33, 2000 = 53). 

For high assumption, regression equation Y = 76.23 
-16.320911 Log X, where X is time as. above. 

First equation was developed from 1948-65, and second 1956 
(X = 8) through 1965. 

Ratio of index numbers of prices paid by farmers for fer- 
tilizer to all the commodities bought for use in produc- 
tion, multiplied by 100, for previous year (in both 
series of index numbers, 1910-14 = 100). 


For low assumptions, 1948-65 average (+0.079) plus one 
standard deviation of this factor for same 18-year 
period (+0.116). 

For medium assumptions, 1948-65 average. 

For high assumptions, 1948-65 average minus one standard 
deviation. 

Average annual price of P O, divided by equivalent price of 
K320. Both prices defl&ted by wholesale price index for 
all items. Transformation before use in regression es- 
timating equations: first difference of values (current 
year less previous year). P205 and K30 price series are 
based on quotations of raw materials at mines (Florida 
and Carlsbad, New Mexico, respectively). 


For low assumptions, 1948-65 average (-0.11667) minus one 
standard deviation of this factor for same 18-year per- 
iod (+0.424295). 

For medium assumptions, 1948-65 average. 

For high assumptions, 1948-65 average plus one standard 
deviation. 

Index of total cash receipts from crop and livestock sales 
(1957-59 = 100), deflated by wholesale price index for 
all items and multiplied by 100. First difference trans- 
formation: current year minus last year. 


Continued -- 
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Table 104. Continued-- 


f/ For low assumptions: 1980, 1957-65 average; 200, Log Y 


= 1.671527 + 1.991979X, where X is a function to time 
(200 = 33). 

For medium assumptions, 1963-65 average. 

For high assumptions, 1948-65 average, adjusted upward 
slightly for 2000. 

KO raw material price deflated by wholesale price index 
for all items, for previous year. 


g/ Regression equation Y = 2.218487x - 120.27, where X = FRB 


index for total nondurable manufactures. This relation- 


ship was developed from 1948-65. 


FRB index of industrial chemical production (for same year) 


(1957-59 = 100), not seasonally adjusted. 


h/ Regression equation Y = 13.03 + 0.872727X, where X = FRB 
he index for total nondurable manufactures. This rela- 
tionship was developed from 1948-65. 
Composite use index = sum of FRB index for clay, glass, 
‘and lumber times 0.333 plus FRB index for total non- 
durable manufactures times 0.667, for same year. 


Sources: Index numbers of total deposits of country banks, 
prices paid by farmers, developed by U.S. Depart- 
ment of Agriculture, Economic Research Service [8]. 


Index of total cash receipts from crops and live- 
stock sales (1957-59 = 100):°from U.S. Department 
of Commerce [10, 11]. 


Series based on farm income statistics [8]. 


P50. and K,0 prices developed from data published 
annually. 


Wholesale price index by the U.S. Department of 
Commerce [11]. 


FRB Indexes were 1957-59 = 100 not seasonally ad- 
justed annual indexes [{1l, 2]. 
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Table 105. Standard Error of Estimate, the Coefficient of Multiple Determination (rR?) , 
Constant (a), Multiple Regression Coefficients, and Related Matters Pertaining to the Indi- 
cated Independent Variables and their Relation to Annual U.S. Consumption of Phosphate 

Rock as Fertilizer, 1948-653/ 











Relative importance of 
Statistical reliability |° noe ; 
st es aay, iindependent variable in 
ve Riemer = ta jexplaining variation in 


Variable 
(and mathematical 







Net regression 






transformation) coefficient coefficients® annual consumption© 7 
(Standard error of estimate = fF R2 =_0.952, Constant (a) = 3289.15) _ 
Deposits of country banks (index. No.) 2,085.207 12.109 0.83138 
(natural logarithm of) 
Fertilizer price/farm production costs -2,612.586 - 3.346 (-)0.2297 
(natural logarithm of) 
Nutrient price ratio: P,O,¢/K,0; ; -. 465.84976 - 2.067 (-)0.12166 


first differences 


Durban Watson statistic: 1.01654. Test for serial correlation among residuals inconclusive. 


a/ Consumption of phosphate rock in thousand long tons, P2905 content; independent variables 

are described in table 104, footnotes. : 

b/ Ratio of net regression coefficient to its own standard error. Except when otherwise noted, 
this test (test of student's "t"-ratio or statistic) indicated that these regression coefficients 
are statistically different from zero, at probabilities greater than 95 percent. 

c/ Relative importance was determined by the comparative sizes of the beta coefficients of those 
variables. These beta coefficients (net regression coefficients divided by their own respective 
standard deviations and then multiplied by the standard deviation of the dependent variables) 
rank independent variables roughly in ascending order of importance. (The mathematical sign 
should be disregarded.) 


Table 106. Standard Error of Estimate, the Coefficient of Multiple Determination (R?), 
Constant (a), Multiple Regression Coefficients, and Related Matters Pertaining to 
the Indicated Independent Variables and their Relation to Annual U.S. Consump- 
tion of Phosphate Rock as Fertilizer, 1948-658/ 











Relative importance of 













Variable Statistical reliability : e 4 
(and mathematical Net regression of net regression independent variables in 
transformation) coefficient coefficients2 explaining variation,in 







annual consumptio 












2 


Standard error of estimate = 0.0196,* rR? = 0.93,2/ constant - -3.35432°S/ 





Time (trend), 1948 = 1; ; 
1965 = 18 (squared) 0.00058 TUG 0.84413 


Total cash receipts from 
crop.and livestock sales; 
index numbers (first dif- 
ferences ) 0.00268 2.144 0.23405 


Durban Watson statistic: 0.86. Test for serial correlation among residuals inconclusive. 


* Dependent variable is expressed in natural logarithms. 

a/ The independent variables are different from those used in the equation shown in table 105. 
Consumption of phospate rock is-expressed in common logarithms of actual consumption, in 
thousands of long tons, P90, content; for description of second independent variable, see 
table 104 and footnotes. 

b,c/ See table 105, corresponding footnotes, 
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Table 107. Standard Error of Estimate, the Coefficient of Multiple Determination (R?), 
Constant (a), Multiple Regression Coefficients, and Related Matters Pertaining to 
the Indicated Independent Variables and their Relation to Annual U.S. Consump- 
tion of Potassium Fertilizer Materials,a/ 1948-65 








Relative importance of 
independent variables in 
explaining variation in 
_ annual consumption&/ 







Statistical reliability 
of net regression 
coefficients 


Variable 
(and mathematical 
transformation) 


Net regression 
coefficient 








; 2 b f 
(Standard error of estimate = 112.88, R? = 0.9702, constant (a) = 10,311.00°/ 


Deposits of country banks (index No.) 


(reciprocal, of) -480,703.72266 14.9 - 1.43803 
w 
Potash price factor ; -4,948.75513 dieies - 0.57151 
Potash price factor 4 i Hs 
(reciprocal of) = 919.26120 Leon - 0.68369 


* These coefficients were not statistically different from zero at 95 percent probability. 
These variables were retained, however, because the significance of their coefficients was 
verified in several other versions of the same basic equation (i.e., different cases of the 

same step-wise multiple regression program). 

a/ Consumption of potash is expressed in thousand short tons, K,0 equivalent. For description © 
of independent variables, see table 104 and footnotes. ; 

b,c/ See table 105, corresponding footnotes. 





Table 108. Phosphate Rock: Estimates of U.S. Exports and Domestic Consumption 
by Principal End Uses, Annually, 1948-65 


(thousand long tons, P20, content) 


__ Exports, gross 




















ns 


__Domestic consumption 


Reduced to phos- 





















Additional, ____Agricultural use phoric acid for 
reported by Calculated use Bureau Industrial consumption in 
Census by fertilizer of use U.S. or exported 
be ee manufacturers Mines Z 

(2) (3) (4) (5) (6) 

n/e 2,066 2,108 295 385.7 

23/00 2,145 2,069 335 450.9 

n/e 2,154 2,268 417 530.3 

n/e 2,394 2,321 625 597.3 

n/e . 2,516 2,550 565 666.9 

n/c moe 2,385— 843 856.2 

n/e 2,484 2,437 792 2016.1 

27.2 2,449 2,666 793 1,174.1 

62.4 2,501 2,688 868 1,233.9 

Bie kL 2,533 2,664 923 1,400.9 

n/c 2,525 2,784 944 1525.9) 
1959. copiers 956 n/e 2,801 3,141 917 1,679.4 
LOGO stoves tiers 1,290 81.9 2,756 3,090 972 1,863.4 
UGG sas 6 ees 1,261 65.3 ; 2,865 3,243 1,047 2702. 5 
USG2>. cia wie © 1,269 98.6 2,978 3,457 1,201 2,184.8 
1963e steve» 1,480 194.6 3,263 3,553 1,154 2,593.37 
1964. « cic Pers 1,835 (12.5) 3,531 3,648 1,424 2,932 52 
E96 Se a clte eo 2,065 (0.3) 3,642 4,512 1,471 3,433.0 
























Table 108. Continued-- : 2 
| e ele 
cH) pl o ! 
. . ae = 
a/ Calendar years, except for Column (3) figures which are Age ey ae ORE ant NOOO Ours 
or years ending June 30. | Ae Oe oe ap ant HadSS Sago rQone 
on eae ty Ee ae AN RE a yey oa a 
Sources: a “ % 
: S 
{ 
| (1) Exports of phosphate rock as reported to Bureau of 
Mines by domestic producers. P20, content derived by = | | < 
Bureau of Mines [7]. Does not include all exports of m a 
processed phosphates in phosphatic and mixed fertili- 6 » Do 3 | 
zers. “4 26 et 
3 233 
" eo fs 
(2) For selected years, difference between Bureau of the 2 = | | & 9 0 | = ee q * Ge E ae, cone 
Census and Bureau of Mines exports [3, 7]. Actual 8 @ (9 ape isa Boas S2arn ane gs 
weight of phosphate rock converted into P205 content a rt \3 oe! fd Godt AN ANANN ANAMM 
b Rob. + R: Nath _ 2 os © ; yan! Ad aA AAN NANANAN NANO 
y Rober - Nathan Associates, Inc., n/c = not cal- Ofter tied MONE a na) AE 
culated. | ao 3 | a 5 % 
E o 
(3) Calculated use to make fertilizers. Based on USDA [9] =e a. ca cca 
reports of available P205 consumed in all commercial | oo | a 08 
fertilizers, adjusted by Robert R. Nathan Associates a 3 | ZED 
to include 205 content of direct-applied raw rock Se & = 32313 ADN MONMO WOAYTHO OAYaana 
phosphate and then to include a.12-percent allowance eB a1 elle ie | Se gegay Aare seean 
for transportation, mixing, and storage losses, and ba & Ht cue ; 
F exports of mixed fertilizers. aa B 5 ai 
uv u som, 
\ = 7D 
(4) Phosphate rock sold or used by producers in the United a4 fe lo! os - 
States for domestic agricultural purposes as reported Ho £ tala sj 
to the Bureau of Mines by domestic producers. P30 65 » 2/8 RR}a ang aamar ram as Sa8sa 
content derived by Bureau of Mines [7]. Since 1955, | Kao oC 18 g 54) $>3 Hoc Boe fon Gone 
includes rock for phosphoric acid reduced by "wet" ae ee ee 3! =f. es 
process. Includes requirement for livestock and an 5 i 8 S| 
poultry feed equal to about 2 percent of reported agri- easy F apg 
cultural use. Not adjusted for inventories or for ae 6 ee 
phosphates which are processed into phosphatic fertili- etSS. Ew ome <I 
: zer materials or mixed fertilizers before being ex- ie 5 earch omn SooOon BOR oo nnwwy 
ported. & De ee ee ne ae ia Rees be eee 
| jag eS|" S88 $oass sBRse saess 
‘ wt 
(5) Phosphate rock sold or used by producers in the U.S. a oe oe Se Po ee Na aces cede 
for domestic industrial purposes, as reported to Bureau a e EB oR at 
of Mines. P205 content derived by Bureau of Mines [7]. as 
{ Prior to 1955 Bureau of Mines figures were adjusted by a 
Robert R. Nathan Associates to remove phosphate rock } 2 Boe | 
. . . 5 , re 
used to make "wet" process phosphoric acid. : SAS US wc taint oO. so ae mice e an keen 
- an a ~wo onwronm nNnmMom om oO ~ONnnest 
% Bio f Ar NNANMYT THTWO 
(6) Based on Bureau of the Census [3] reports on phosphoric ; : 7 | : 
{ acid production, 1,000 short tons of 100-percent P3Us. | ——_-—______ Soe a ae ae a es 
ote Bh oa OP en! ip aera eee 
4 "| BaoaOOoO aAnnwsy wor Oano 5. Sie 
ed , tTww mown wy monwnwn oO woo wo 
! o ADHD ARAAH AARAAH AADAD 
! > { Aad aaAdaAanA AdrAAs Adda 
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Table 109. Continued-- 








eo) 
S SC 
a/ Calendar years, except Columns (2) and (3) which are for ton ie ee 
years ending June 30. | ee rol ee 
O44 On 
: a 
Sources: =e 5 340 Ex oon o 
a” eGo Who 
(1) Exports of potash materials (fertilizer and chemical) ne CS J fat = t= Har | mM + 
. A WOW 
by U.S. Bureau of Census [3], adjusted to approximate os on ee ro ee 
K20 equivalent by Bureau of Mines. In terms of tonnage, aS Tieal aa 
chemical exports recently represented between 1.7 and ae . 
4.2 percent of total. Does not include potassium con- - = f= 
tent in mixed fertilizers. oa oe aI Se 
, ga v 2 feet oe 
(2) Based on reported consumption in all commercial fertil- HO a ie ree oS 
izers, (column (3)) adjusted by an allowance for trans- Toe) oie Sep al aadate ak 
portation, mixing, and storage losses by. Robert R. ao na hes: 
Nathan Associates. This factor varied from 5 percent, © § roam ee 
increased to 15 percent by 1961. Presumably includes cee es ege a 
ample allowance for potassium materials included in as = : Re S Sow 
mixed fertilizers subsequently exported which are not fed wet sw gi aes ees 
included in column (1). pon a | oe cee 
eet 6 
(3) Compilations by Statistical Reporting Service [9], Bl fo Pi 
based upon reports of fertilizer inspection services OYA Mm 
of the various States. Includes no allowance for nu- Sa eee ep EA) one 
trient loss prior to delivery to farmer customers, and — ev ate 
only estimates output of noninspected manufacturers. ot ee SETSTE 
? mn 
G 
(4) Deliveries of chemical potash by domestic producers, as Fi ree S| 
reported by The American Potash Institute, plus imports fu O ° 
for consumption chiefly in chemcial industries, as col- Eres is 
lected by U.S. Bureau of Census [3]. Includes potas- am a ” Oo 
sium components subsequently exported, chiefly as chem- § = z 
ical exports, and included in column (1). Approximate iF by o 
K20 equivalent estimated by Bureau of Mines Hist fe} Ags NwtO Oo 
4O ® @ Numo ™ 
; 3 » WO mie a 
(5) Calculated by Bureau of Mines, representing potash sold bath 2 Si ory is 
or used, plus imports minus exports [7]. aoe on 
“4 
Y Ke] z 
E e) 
oa sss 
4 4 
da 
© 
ov 
A090 4 DBHO 
am © rT 7m Ww 
oY ov OV OV oO 
BH m Ada a 
| 
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3,586 
4773 
3,874 
4,380 
4,445 
4,435 
4,298 
4,745 
4,819 


3,728 
3,930 
3,698 
4,245 
4,267 
3,997 
3,655 
4,232 
3,950 


4,833 
5,046 
4,911 
5,626 
5,743 
5,553 
5,264 
5,917 
5,861 


1,338 
Deak 
1,675 
1,635 
1,675 
ry 592 
1,598 
1,635 
1,786 


DAHAAM™-wo 
oowtnro 
aOaMuonrwo 
ss see 
TNMWOWO 
oro orm 
owonmnn 
HnomMnro 
~“s see 
ora sw 


5,893 
6,243 
6,606 
7,261 
,993 


-, 596 
1,554 
BBS os 
L928 
2,651 


7,489 
LA 
8,219 
9,189 
10,644 





1961 
1962 
1963 
1964 
1965 


Continued-- 





(1). 


(2) 


(3) 


(4) 


(5) 





¢ 


Table 110. Continued-- 


Sources: 


Column (2) plus (3). 


U.S. Bureau of the Census, Published by Bureau of 
Mines [7]. . 


Native sulfur sales (domestic plus imports) adjusted 
for net change in producer's stocks, recovered sulfur 
and pyrites (sales or production plus imports), plus 
all other forms produced domestically. Bureau of 
Mines calculations [7]. 


Apparent sales of native sulfur to consumers, adjusted 
for changes in inventory, plus imports of native sul- 
fur, minus exports in column (2)... All sulfur exports 
were assumed to be from native sulfur, crude and re- 
fined. Calculated by Robert R. Nathan Associates. 


Based partly in Bureau of the Census data on all sul- 
furic acid, in terms of tons of 100-percent H so, [3]. 
This production series was converted to approximate 


‘Sulfur consumption by multiplying by 0.26948. Calcu- 


lations by Robert R. Nathan Associates. 


Pere 


APPENDIX TO CHAPTER V 
’ SELECTED METALS AND OTHER NONFUEL MINERALS 


The tables in this Appendix provide the estimating 
equations that were used in making projections of metals and 
mineral consumption in 1980 and 2000. The independent vari- 
ables, estimating equations, and coefficients of correlation 
are listed in table 111. Historical data on consumption from 
1948-65 are shown in table 112, and exports in table 113. 
Most of the historical data came from the Minerals Yearbook, 
Bureau of Mines [7]. All of the data are consistent wi 
Bureau of Mines figures, but other sources have been used, as 
indicated, where the organization was more useful for our 
purpose. 


The only regional projections made were those for sand, 
gravel, and aggregates. For this category, table 114 sets 
forth the derivation of regional demand for aggregates by 
percentage distribution of the value of construction by re- 
gion. 


The indexes that were used as independent variables 
were projected in Chapter II of this report, with the excep- 
tion of the Federal Reserve Board index of construction ma- 
terials. The construction index was projected by correlation 
with gross national product, as shown in table 115. 
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Export Demand for Selected U.S. Metals 


Table 113. 
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Table 115. Federal Reserve Board Index of Construction 
Materials Compared with U.S. Gross National Product, 
1948-652/ 


Table 114. Value of Construction in the United States, 
by Region, 1965 and Projected 1980 and 2000 


(Values in 1958 dollars) 


1965 1980 
Mil. dol. | Percent Mil. dol. Percent 
















FRB Index Con- b/ 


Gross Natioggl 
struction materials— 


Cc 


Year Product— 
















2000 
Percent 





Region 


VOR eis Gk a eo a aoa as 








Vote Ge SCates FOES, SI Be eB te toe 68.5 324.1 
| : 
Northeast..... 6,313 25.1 14,397 JE.3 21.5 1950. ee eee cece erence ene 82.4 355.3 
North Central. 6,079 24.2 15,747 25.5 26.7 Str. Soe se Sere: 86.8 383.4 
seer es “os ee aa S328 26.7 26.5 PR ies, he kee erp 85.6 395.1 
West: : 
i 1eéS3.. Se cre: 91.0 412.8 
Montana...... 153 0.6 349 0.6 0.6 
Faahe uk Bae . 166 one m06 ee ota 1954, 0 2 A See ee 87.4 407.0 
Wyoming...... 25 ark 188 0.3 re) 1955... 2. Ae eee 97.3 438.0 
Colorado .... S73 Pe 5 1,245 2.0 2.4 1956-2 =eee ee eee 99.6 446.1 
New Mexico .. 111 0.5 377 0.6 0.7 
Acie tae 356 1.4 1,251 2.0 2.5 SEAT oy Seah: Pina aear 993.4 oe 
Utahse . 25. awe 230 0.9 575 0.8 0.7 | BOS Bie olateie sarc lteresa}eiatenstare 94.5 447.3 
Nevada ...... 227 0.9 314 0.5 0.4 1959 2<.0e as eee iis | 106.0 475.9 
Washington .. 439 1.8 1,001 1.6 1.4 
é ape Bn ccde ee 106.3 487.8 
Oregon ...... 265 Il 670 vise spa | eb 
California .. 3,439 13.7 8,329 13.5 13.3 1961........ Senn 105.2 497.3 
1962 se oe ee = 110.4 530.0 
| LOGI ori ete eee 126.3 550.0 
Source: 1965 data from [5]. 1964.0. Ae oe 124.5 577.6 
eg MMERE TA Merer O08. eeryrer ee arate 133.8 616.7 
a/ y = 7.063 + .2026 x (x = .9885). 
b/ 1957-59 = 100. 
c/ 1958 prices. 
Source: [4]. 
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APPENDIX TO CHAPTER VI 
MINERAL FUELS AND ELECTRICITY — 


The methods used in the projections of mineral fuels 
consumption and electric power requirements in the United 
States in 1980 and 2000 was essentially that used by Resources 
for the Future, Inc. (RFF), in a 1963 study [16]. The 1963 
study and an earlier RFF study [18] are among the most de- 
tailed and comprehensive analyses of energy consumption in 
the United States published to date. 


In projecting energy requirements in this study, the 
relevant historical series provided by RFF were updated and 
the RFF assumptions and projections were reexamined in the 
light of recent trends and developments. In addition, the 
RFF projections and estimates were revised, where appropriate, 
to include the projections of national economic aggregates 
developed in this study (i.e., population, GNP, employment, 
income, etc.). 


Household Consumption 


Household consumption of energy is the aggregate of 
the requirements for energy for each type of household use. 
Although the approach to projecting household energy require- 
ments was essentially the same as the RFF approach, the 
values of most of the RFF variables were changed. Projec- 
tions of electricity consumption in 1980 and 2000 presented 
here are generally about 15 percent higher than the medium 
projections made by RFF. The medium projection for gas, 
however, is only 2 percent higher than the RFF projections 
for 1980, and 9 percent higher than their projections for 
2000. The estimates for electricity fall about 11 percent 
below those of Electrical World [8] for 1980 and about 7 per- 
cent below those of the National Power Survey [12]. However, 
the latter assumed a higher population and a larger percent- 
age of electrically heated homes than are assumed here. 


Five variables were used to obtain estimates of house- 
hold consumption: (1) The number of households; (2) satura- 
tion factors for each major appliance (i.e., the number of 
households with spaceheat, television, ranges, etc.); (3) the 
percentages of each class of appliances using electricity, 


- Preceding page blank 
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gas, coal, and 011; (4) annual energy requirements of each 
appliance by energy source (i.e., gas used by a gas range, 
electricity by an electric dryer, etc.); and (5) efficiency 
of conversion of spaceheating appliances, by energy source. 
The derivation of these variables is discussed below. 


Number of Households 


The number of households in 1980 and 2000 was obtained 
by using the ratios of households to population over 20 years 
of age implicit in the Census population and household pro- 
jection series for 1980 [22, 23]. The low and high household 
projection ratios from the Census series were applied to the 
low and high population projections used in this study. The 
median of the low and high Census ratio was applied to the 
medium population projection in this study for 1980 and 2000. 
The number of households was the only variable affecting the 
range of estimates of household consumption and only one : 
estimate was made for each of the other four variables. 


Saturation Factor 


The number of households having each of the appliances 
considered was derived from estimates of the saturation fac- 
tor (i.e., percentage of households with the appliance) .1 
The RFF data were updated to 1965, and the trends were extra- 
polated to 1980 and 2000. The RFF projections were generally 
used as guidelines. The saturation factors for the various 
appliances are discussed below: : 


Spaceheat. A factor of 100 percent was used in 1980 
and 2000. It was assumed that all households will have some 
form of heating equipment. 


Air conditioning. This sector is growing rapidly, and 
the saturation levels projected for 1970 by RFF were almost 


17 Saturation factors are related to the number of households 
and not to the number of dwelling units. Historically, the 
number of dwelling units has been about 10 percent higher 
than the number of households. For this reason, saturation 
factors can exceed 100 since there may be more of some appli- 
ances than there are households. 
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reached by 1965. Higher saturation factors were therefore 
projected for 1980 and 2000. 


Television and refrigerators. The saturation factor 
of both appliances was nearly 100 percent in 1965; it is ex- 
pected to be 100 percent by 1980 and to remain at this level 
through 2000. 


Ranges. The saturation factor for ranges was already 
105 percent by 1965 and a further increase was projected for 
2000. 


Water heaters. The saturation factor for water heaters 
was estimated to reach 100 percent by 2000. The estimate for 
1980 was slightly higher than RFF's because of the more rapid 
rate of growth between 1960 and 1965 than was indicated in 
the RFF projections. 


Freezers and dryers. The saturation factors for both 
freezers and dryers have increased at slower rates than ex- 
pected by RFF, and saturation factors more in line with re- 
cent trends were used. 


Electric pighting and miscellaneous electric eppiaances.- 
A saturation factor o percent was assume or bot ese; 
i.e., all houses were assumed to be electrically lighted and 
to have some miscellaneous appliances. 


Number of Appliances by Energy Source 


The number of appliances using electricity, gas, oil, 
or coal was estimated on the basis of percentage of appliances 
using each energy source and the amount of energy required 
per appliance. The only household use of coal was spaceheat- 
ing, and oil had only minor nonspaceheating uses. 


The RFF data were updated to 1965 and the trends in per- 
centage shares of different energy sources were extrapolated 
graphically to 1980 and 2000. The RFF estimates were used as 
guidelines. 
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A significant development in spaceheating in recent 
years has been the increased use of electricity. From 1960 
to 1965-the number of homes with electric heat almost trebled. 
It was assumed that 18 percent of all households would use 
electric heat by 1980 and 40 percent by 2000. The medium 
projection of 13.7 million homes with electric heat in 1980 
is somewhat lower than the National Power Survey [12] esti- 
mate of 19 million, but is considerably higher than RFF's 
projection of 9.1 million homes. The projections in this 
study imply that three-fourths of the incremental market 
will go .to electricity by 1980, and all of it by 2000, plus 
a net gain as the result of the conversion from fuel-burning 
equipment to electricity. The number of households using 
fuels for spaceheating is, therefore, expected to decline by 
2000. 


Gas will probably continue to increase its share of 
the fuel requirements for spaceheat at the expense of coal, 
oil, and liquid petroleum gas (LPG). Oil's share was esti- 
mated to have decreased by 2.5 percent between 1960 and 
1965 and this trend is expected to continue, though at a 
slower rate after 1980, resulting in a net loss of over 3 
million oil heated homes by 1980 and another 2 million by 
2000. Five million households heated by coal as well as 
nearly 2 million using LPG will be lost to other fuels or 
electricity by the year 2000. Both oil and coal are more fre- 
quently used in older homes, many of which will be replaced 
by 1980 and 2000. Although central oil heating systems will 
still be installed, gas and electricity are likely to take 
most of the replacement market. Convenience rather than cost 
has always beeen a more important determinant in the choice 
of an energy source in the residential market. 


With the exception of ranges, water heaters, and 
clothes dryers, all household energy requirements were assum- 
ed to be provided by electricity. The nonspaceheating use of 
oil was estimated at 25 percent of spaceheating use. 


The percentage shares of water heaters and ranges us- 
ing gas did not increase as rapidly from 1960-65 as was im- 
plied by the RFF trends for 1960-70. Lower shares than those 
projected by RFF have therefore been projected for 1980 and 
2000. LPG is estimated to have a 20-percent and a 10-percent 
share, respectively, of these two gas markets in 1980 and 
2000. No changes were made in RFF's projections of the per- 
centage share of gas dryers or the estimated proportion of 
“other residential sales," since both were in line with re~ 
cent trends. 
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Annual Ener Requirements for Each Appliance and Use 





There is an almost total absence of data on the an- 
nual energy requirements for spaceheat and appliances. RFF's 
estimates were based on their earlier (1960) study [18], and 
on judgments about various estimates by the industry and 
others. Nothing has been published since the RFF study to 
invalidate or significantly change their estimates, and these 
were not changed in the present projections. 


A decline in the unit energy consumption of most appli- 
ances was projected between 1965 and 2000, largely due to 
improved efficiency of operation, but also to the fact that 
the more appliances a household has, the more infrequently 
some of them are used. i 


The projected increase in spaceheat per household be- 
tween 1960 and 1980 is a reflection of improved heating stan- 
dards, which are expected to reach their optimum in 1980. 

The projected decline in requirements between 1980 and 2000 
is the result of an anticipated improvement in standards of 
insulation. 


Efficiency of Conversion. of Spaceheat 


The efficiency of spaceheating equipment determines 
the amount of energy required for household spaceheating. In 
converting fuel to heat, some loss occurs with all fuels; for 
example, if the annual heat requirement of a household is 60 
million B.t.u.'s and the efficiency of the equipment is 80 
percent, the household will use 75 million B.t.u.'s of fuel. 
The efficiencies of the various fuels estimated by RFF were 
used in this study. 


Electricity is assumed to be 100 percent efficient (i.e., 
converted to its heat equivalent without loss), except where 
heat pumps are used. Because of their use of underground heat, 
heat pumps can produce more heat than they consume and can be 
said to have efficiencies well in excess of 100 percent. The 
overall efficiency for electricity depends, therefore, on the 
proportion of homes using heat pumps. The RFF estimates were 
used in the projections of this study because installations 
of heat pumps between 1960 and 1965 followed the trend esti- 
mated by RFF for the period 1960-80. 
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Commercial and Other Nonindustrial Consumption 


Commercial consumption of energy includes consumption 
by all types of businesses (stores, services, offices) and 
apartment buildings. Other nonindustrial consumption includes 
street and highway lighting, other consumption by public 
authorities, and agricultural consumption. 


Historical data on commercial and other nonindustrial 
consumption is limited to total sales and the number of cus- 
tomers for gas and electricity, and the sales of commercial 
grades of fuel oil. There is virtually no information avail- 
able on the annual energy requirements of any of the major 
sectors of the commercial market. 


RFF projections were based largely on relationships 
between the commercial and residential markets, which were 
more or less constant for many years until 1960. The same 
approach was used for the projections in this study, but be- 
cause of the accelerated growth in the commercial market 
since 1960, many of the relationships were revised. 


Since 1960 commercial sales of electricity and gas 
have grown much more rapidly than residential sales, primari- 
ly the result of increases in the number and size of offices, 
stores, and apartments. Projections of the number of white- 
collar jobs relative to blue-collar jobs by 1980 and 2000 
indicated that the demand for office space will continue to 
grow. Because of this trend, growth in other sectors of the 
market, and such factors as improved lighting standards and 
air conditioning, it has been assumed that the growth rate 
of the commercial market will remain well above the residen- 
tial rate through 2000. 


As a result, the current projections of commercial and 
other nonresidential uses of energy are somewhat higher than 
those of RFF. (RFF projections for electricity and gas for 
1970 were’ both exceeded by 1965.) The current projections are 
closer to the more recent estimates of commercial and other 
nonresidential electricity consumption in 1980 made by Elec- 
trical World [8]. The National Power Survey [12] estimates 





for the commercial market are about halfway between the pro- 


jections of RFF and Electrical World, but in the light of 
recent trends they appear to be too Low. 
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Following is a brief discussion of the variables that 
were considered in projecting the commercial and other non- 
industrial consumption of energy: 


The number of commercial customers. The total number 
of commercial consumers of energy was assumed to be equal to 
the number of electricity customers. 


Consumption of fuels per customer. Despite an increase 
in consumption per customer since 1960, a decline from 1965 
levels was projected, mainly because of inroads into the fuels 
market by electricity. 


Ratio of commercial to residential sales of gas. Un- 
til 1960 commercial consumption of gas averaged about 28 per- 
cent of residential consumption for a number of years, and 
RFF projected that it would remain at this level through 
2000. From 1960-65, however, commercial sales increased 
much more rapidly than residential sales, and this trend was 
projected to continue. The commercial gas market is more 
cost-sensitive than the residential market and may not lose 
such a large proportion to electricity. The projections of 
a continued increase in the commercial-to-residential ratio 
were based on this factor plus the rapid overall growth of 
commercial consumption. 


Number of commercial customers for electricity. The 
number of commercial customers averaged about 12 percent of 
the residential customers for about 20 years, until 1960. 
From 1960-65, the commercial-to-residential customer ratio 
increased to about 13 percent. It has been assumed that it 


will remain at about this level until 1980, but will increase 
to 15 percent by 2000. 


Ratio of commercial consumption of electricit er 
customer and residential consumption per household. From 
1945-60, this ratio declined a RFF projected that it would 
continue to do so. Since 1960, however, the more rapid 
growth of the commercial market has reversed this trend. It 
is assumed that the upward trend will continue. 


Commercial electricity consumption per customer. This 
relationship is determined by residential consumption per 
household and the ratio of commercial consumption per customer 
to residential consumotion per household. ~ 
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Other nonindustrial gas sales. Following trends since 
1960, other nonindustrial gas sales were projected as a de- 


clining percentage of commercial gas sales. 


Electricity for streets and highways. This end use of 
electricity was projected on the basis of its relation to 
residential electricity consumption. Until 1960 there was a 
steady decline in the ratio, but since 1960 it has remained 
constant at slightly over 3 percent. With standards for 
streets and highway lighting continuing to improve, no fur- 
ther decline was projected. 


Other public authority uses of electricity. Sales of 
electricity toup ic authorities for uses other than street 
and highway lighting remained between 12 and 13 percent of 
commercial sales for many years. From 1960-65, however, 
sales declined to 10.7 percent, possibly because of the rapid 
commercial growth. The consumption of electricity by public 
authorities was projected at 10 percent of commercial sales 
for both 1980 and 2000. 


Electricity for agriculture. Projections were based 
on estimates of electricity requirements for irrigation and 
pumping that appeared in the National Power Survey [12]. 


Commercial coal consumption. Coal represents a very 
small part of the total commercial fuel market, and a contin- 
ued decline was projected. 


Commercial oil consumption. Oil consumption was treat- 
ed as a residual, after estimates for the consumption of other 
fuels were subtracted from the total fuels market. 


Industrial Consumption 


The projections of the total consumption of energy by 
industry were aggregates of the projections of individual 
energy requirements for various industrial uses. 


Projections of electric power, consumption were based 
on the requirements of durable manufacturing industries (ex- 
cluding primary metals); nondurable manufacturing; the steel 
industry (including electric furnace steel and ferro alloys) ; 
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other metals (aluminum, copper, zinc, and magnesium); mining; 
and the Atomic Energy Commission which consumes a large amount 
of electric power in the processing of uranium. 


Projections of fuels consumption were based on the re- 
quirements of the steel industry, nonferrous metals, petrol- 
eum refining, and "all other" manufacturing. 


The approach, similar to the RFF approach, was to pro- 
ject an independent variable (e.g., Federal Reserve Board in- 
dexes of industrial production or tonnages of production) and 
to relate it to an estimate of unit energy requirements (e.g., 
B.t.u.'s or kilowatt hours consumed per point of the index or 
per ton). The total fuel requirement was then allocated 
among the fuels on a percentage basis and converted to physi- 
cal quantities of fuel. 


Electric Power Consumption by Industry 


From 1950-65, the consumption of electric power per 
point in both the durable and nondurable FRB indexes of in- 
dustrial production increased by about 20 percent, the result 
of growth in large power-consuming industries such as chemi- 
cals, replacement of fuels by electricity in some processes, 
and the need for more power-intensive processing in some in- 
dustries. It was projected that, from 1965-80, electric 
power consumption per point of the durable goods index would 
increase to 820 million kilowatt hours, and for nondurable 
goods, to 1,600 million kilowatt hours per index point. 2/ By 
2000, consumption per point of the index was projected to 
have reached 960 kilowatt hours for durable goods and 1,760 
for nondurable goods. The declining rate of increase after 
1980 is expected to result from greater efficiency in the use 
of power per unit of output. 


Projections of crude ingot steel production were de- 
rived from the projections of iron and steel shipments by 
assuming: (1) 85 percent of the iron and steel shipments 
would be from domestic production and 15 percent from imports 


27 Power consumption per point of the durable goods index 
during the 1960-65 period ranged from 660 to 700 million kilo- 
watt hours, and of the nondurable goods index, from 1,347 to 
1,407 million kilowatt hours. 
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in both 1980 and 2000, and (2) shipments from domestic pro- 
duction would be about 70 percent of crude ingot steel pro- 
duction. Imports haye shown an upward trend in recent years, 
but it was assumed that, for reasons of national policy, they 
would not be allowed to rise aboye 15 percent by 1980 or 
2000. The relationship between ingot steel output and domes-— 
tic shipments of iron and steel was projected on the basis of 
the 1948-65 trends, which are expected to level off by 1980 
and remain constant thereafter. It was also projected that 
12 percent of steel production would be from electric furnaces 
in 1980, and 14 percent in 2000. From 1960-65 the steel pro- 
duced from electric furnaces increased from 8.4 to 10.5 per- 
cent, and it was assumed that this trend would continue at a 
reduced rate. 


Ferro alloy production in electric furnaces was pro- 
jected by assuming: (1) total ferrous metallics requirements 
would be 10 percent higher than domestic shipments of iron and 
steel, (2) ferrous alloys would be 2 percent of total ferrous 
metallics requirements, and (3) 60 percent of the ferrous 
alloys would be produced in electric furnaces. 


There is very little historical data on power consump- 
tion per ton of steel and nonferrous metals. The Bureau of 
the Census collects annual data for total steel production 
and data for some nonferrous metals every 4 or 5 years [20]. 
The RFF unit consumption estimates were based on the general 
trend indicated by the data that were available, and their 
projections were extrapolations of these trends. With the 
major exception of aluminum, it appeared from the limited in- 
formation available since 1960 that the trends projected by 
RFF have generally been followed. Power consumption per ton 
of aluminum has not dropped as sharply as RFF projected, and 
a higher unit consumption has been estimated. For this rea- 
son, except for aluminum, the RFF unit consumption prejec-— 
tions were used in this study. 


Primary production indexes for aluminum, copper, magnes- 
ium, and zinc were obtained by: (1) Adjusting the RFF pri- 
Mary production index for each of the metals to correspond to 
the FRB durable manufacturing index projected in this study, 
and (2) projecting tonnages in relation to the indexes. 


The consumption of power for other nonferrous metals 
production was projected in relation to the nonferrous produc- 
tion index. 
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For mining, projected power consumption per point of 
the FRB mining index is higher than that projected by RFF. 
The 1963 data indicated a more rapid increase in consumption 
per index point than was projected by RFF. 


Consumption of power by the Atomic Energy Commission 
declined considerably between 1960 and 1965, with the de- 
crease in uranium processing for nuclear weapons. It was 
projected, however, to remain at about the 1965 level 


through 2000.3/ 


Fuels Consumption by Industry 


Comprehensive data on the consumption of fuels by manu- 
facturing industries (excluding primary metals and petroleum 
refining) are available from the Bureau of the Census at 4- to 
5-year intervals only. On the basis of the 1935, 1947, 1954, 
and 1958 data, RFF estimated a declining trend for fuel con- 
sumption per index point of the FRB manufacturing index (ex- 
cluding primary metals and petroleum refining). More recent 
data showed, however, that a slight increase occurred be- 
tween 1958 and 1962. Fuel consumption per point of the manu- 
facturing index was therefore projected to be about 10 to 1S 
percent higher than the RFF projections for 1980 and 2000. 

The higher figure also compensated for the fact that the total 
FRB manufacturing index was used as the independent variable 
in these projections since it was not possible to subtract 

the primary metals or petroleum refining components of the 
index. Primary metals have historically been lower than 


other components of the index. 


No significant change in trends in the consumption of 
individual fuels was indicated by the 1962 Census data, and 
the RFF estimates of the percentage shares of each fuel were 
used. 


Fuel consumption by the steel industry (excluding 
electric furnace steel) was measured by RFF on the basis of 
tons of coal equivalent required for each ton of steel pro- 
duced. From the mid-forties until 1960, there was a steady 
decline in the trend, and RFF extrapolated the trend at more 


37 This assumption was made after discussions with the Atom- 
Ic Energy Commission. 
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or less the same rate to 1980, and at a lower rate between 
1980 and 2000. Implicit in this decline were improvements 

in technology and changes in the coke ratio. From 1960-65, 
coal equivalents required per ton of steel declined at approx- 
imately the rate projected by RFF. For this reason, the 
trends established by RFF were used in this study. 


Data for the 1960-65 period indicate a somewhat great- 
er use of gas in steel making and lesser use of oil than was 
implied in the RFF trend to 1980. The projected share for 
gas was therefore increased, and the share for oil reduced. 


The 1962 data on fuel consumption for nonferrous metal 
production indicated a considerably lower consumption of fuels 
per nonferrous metals index point than was estimated by RFF 
in 1960. The RFF projections for 1980 and 2000 were, there- 
fore, adjusted downward. 


RFF estimated no change in the shares of individual 
fuels for nonferrous production between 1980 and 2000. How- 
ever, a greater relative use of coal was indicated by the 
1962 data, and this was accounted for in the projections. 


The ratios between petroleum runs to stills and petrol- 
eum and natural gas consumption in refining have remained 
relatively constant for many years. The 1960 ratios were 
used by RFF in all projections and were also used in the pro- 
jections provided by this study. Petroleum used for refining 
was estimated at 5.28 percent of total petroleum consumption, 
and natural gas at 3.84 percent of total consumption, convert 
ed at 6,000 cubic feet per barrel. 


Fuel Requirements for Transportation 


The projections of fuels required for transportation 
were based on projected annual mileages and miles per gallon 
of fuel for passenger cars, trucks, and buses. Total passen- 
ger car and truck mileages were derived from estimates of the 
growth in vehicle stock which, in turn, was related to the 
population and GNP and to the estimated annual mileages per 
vehicle. Increases in bus mileage were related to an index 
of growth for local, intercity, and school buses. 
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Passenger Cars 


Projections of the number of passenge 

on the projections of the meruLacionensde Me oand seat eens 
ratio of this population per vehicle. From 1930-60 this rati 

declined at an average rate of 1.9 percent per year The ee 
same annual rate of decline was projected to 1980. “From 1980 
to 2000 the ratio was projected to decline at 1.2 percent each 
year, resulting in a 1 to 1 relationship by 2000 (i.e., one 
Cees Car per person aged 20 or over). This compares with 
nubile Let of 0.85 persons aged 20 or over per auto- 


Renewed interest in the electric car 
suggests that 

apa part of the market for second and third family Sie : 
ek t be supplied by electrically powered vehicles in the fu- 
eet A projection of 0.5 to 1.5 million electric cars by 
aah tae to at million by 2000, was made. This is com- 

a recent estimate by the Federal P issi 
of 1.5 to 2.0 million by 1980 [9]. foon Yo pace ce 


Annual mileages traveled per vehicle ha i 
ve remai 
between 9,700 and 10,000 miles since 1950. The RFF naciaa’ 
tion of 9,800 miles was used for 1980 and 2000. 


The number of miles traveled 
per gallon of fuel f 
pied to 1965 ranged from 14.2 to 14.6 miles. Larger a 
ave tended to offset improvements in efficiency. The RFF 


rojecti i 
me era: of 14.5 miles per gallon has been used for 1980 


Trucks 


Projections of the total stock of trucks we 
to growth in the GNP output of goods and atouctanasd ane 
dollar value of goods and structures per truck has increased 
in recent years and this trend is projected to continue, al- 
though at a slower rate than in the past. ; 


Annual truck mileages ran 

: re} ged from 10,400 to 11,400 
miles between 1950 and 1964. The RFF projection of 10 900 
was used for both 1980 and 2000. : 


-353- 








on those that appeared in the FPC National Power Survey in 
1964, updated to account for any changes in plans that have 
occurred since then. For example, the Bridge Canyon project 


on the upper Colorado River, which could have supplied 5.4 
billion kilowatt hours, has now been shelved. 


No estimates have been made by the FPC of capacity to 
be installed after 1980, and our 25-percent figure is essen- 
tially a judgment of the approximate amount of remaining 
hydro capacity that might still be economically installed 
after 1980. The resulting hydro generation estimate is, 
however, only a little below the RFF estimate for 2000. 


Nuclear generation in 1980 and 2000 was based on the 
latest estimates of the Atomic Energy Commission. AEC has 
estimated that by 1980 the amount of nuclear capacity in- 
stalled will range from 120,000 MW to 170,000 MW, of which 
58,000 MW has already been scheduled [5]. This range was 
not related directly to a range in total generation require- 
ments. In the projections presented in this study, a fig- 
ure of 145,000 MW was used as the most likely capacity to be 
installed. A load factor of 70 percent was assumed. For 
2000, the AEC estimated that about 56 percent of the steam 
Capacity would be nuclear [4]. This figure, adjusted down- 
ward slightly to account for internal combustion, was ap- 
plied to the low, medium, and high estimates of generation 
in 2000 to obtain a nuclear generation estimate. 


The resulting generation estimates for nuclear power. 
were considerably higher than RFF estimates, which were made 
at a time when only one or two utilities were committed to 
anything more than small experimental units. Since 1963, 
however, nuclear power has become "accepted," and over 
50,000 MW of nuclear capacity has been scheduled by utilities, 
most of it in units ranging from 500 to 1000 MW. The re- 
maining generation was allocated to the conventional sources 
of fuel, natural gas, oil, and coal. 


Generation from each fuel was projected as a percent- 
age of the total conventional generation. Coal's share of 
71 percent in 1980 and 77 percent in 2000 was larger than the 
RFF projections because of the expected continued improvement 
in coal's competitive position following further development 
of minemouth plants, long-distance transmission, and unit 
trains. Estimates of the shares of natural gas and oil were 
consequently slightly lower than those of RFF. Although ~ 


=O = 


\ 
\\ 


more stringent air pollution regulations may come into effect, 
their long-run impact on coal consumption will probably be 
Minor. Within the next few years, eccnomic means of prevent- 
ing emission of sulfur and other pollutants into the atmos- 
phere from burning coal will undoubtedly become available. 


Moreover, any substantial increase in the amount of 
residual fuel oil available would require a change in the 
present policy of import quotas. Similarly, greater use of 
natural gas for boiler fuel outside the producing States 
would require a change in regulatory policies relating to the 
interstate movement of natural gas. Hitherto, only very 
limited quantities of natural gas have been available to util- 
ities for boiler fuel on a firm basis in the nonproducing 
States. 


The fuel rates determine the actual amount of each 
fuel required, and fuel rates depend on the type and quality 
of the fuel used as well as the heat rate. RFF fuel rates 
were used in these estimates, since they are more or less in 
line with the 1960-65 trends. The projected decline in all 
fuel rates is due to a continued improvement in the heat 
rates.4/ The estimated heat rate for coal plants is 7,500 
B.t.u. per kilowatt hour in 2000. Currently, the most effi- 
cient coal plants have a heat rate of a little over 8,000 
B.t.u. per kilowatt hour, and the average in 1965 for all 
coal plants was 10,200, compared with 11,250 in 1956. 


The actual amount of fuel used was obtained by applying 
the fuel rate to the generation estimates. 


Other Consumption of Fuels 


In order to obtain projections of the total consumption 
of coal, oil, natural gas, and natural gas liquids, projec- 
tions were made of all other end uses of each fuel. 


Natural Gas 


Uses of natural gas were projected as follows: 


47 The number of B.t.u.'s required to generate 1 kilowatt- 
hour of electricity. 
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Until 1960, the number of miles traveled per gallon 
of fuel declined, and RFF projected that this trend would con- 
tinue. From 1960 to 1965, however, there was an increase 
from 7.9 to 8.5 miles per gallon, and a higher ratio was 
therefore used in these projections. 


Buses 


Indexes were projected for interurban buses, local 
commercial buses, and school buses. The index for interurban 
buses is based on the ratio between passenger miles traveled 
and population. Since 1960 the number of passenger miles 
traveled has increased per person, and this upward trend was 
projected to continue until 1980 and to decline thereafter. 
The index for local commercial buses is based on the number 
of passengers carried. From 1960-65 there was a decline, but 
it was assumed that the trend would be upward between 1965 
and 1980 because of greater urban densities in the future. 
The index for school buses is based on the number of school 
children traveling by bus. It was assumed that 85 percent of 
the population between the ages of 5 and 19 would be enrolled 
in schools (the level for Many years), and that 45 percent in 
1980 and 50 percent in 2000 would be carried by bus. 


Bus mileages were projected in direct relation to a 
total weighted index (the RFF weights were used: interurban 
equals 30; local equals 45; and school equals 25). Mileages 
traveled per gallon were assumed to remain at the 1960 level 
through 2000. 


The RFF projections of oil consumption by railroads 
and for shipping were used in this study. 


"Other" consumption, which includes aviation fuel, 
pipeline fuel, and oil consumption by inland and coastal 
shipping, was projected on the basis of the relationship with 
the total for all other uses for transportation. The 1960 
relationship was projected by RFF to remain constant through 
2000. However, because of the rapid growth in the use of jet 
fuel, "other" consumption increased from 6.5 percent of the 
total in 1960 to 7.4 percent in 1965. To allow for probable 
future increases in the use of jets for passenger and freight 
movements, "other" consumption was estimated at 8.5 percent 
of total specified used in 1980 and 10.0 percent in 2000. 
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Electric Power Generation by Source of Energy 


The projections for the generation of electric power 
were obtained by totaling the projections for residential, 
commercial, and industrial consumption. "Other" uses of 
electricity were projected at 8 percent of specified uses in 
1980 and 10 percent in 2000. 


Self-generation by industry was projected at 14 percent 
of total industrial consumption in 1980 and 10 percent in 
2000. The RFF estimates were used since they were in line 
with the 1960-65 trend. Moreover, they resulted in a medium 
projection of 139 billion kilowatt hours in 1980, compared 


with the National Power Surve estimate of 127 billion kilo- 
watt hours [12]. 


Self-generation by industry was subtracted from the 
projections of total generation to obtain a projection of 
utility sales. 


Losses were estimated at 10 percent of utility sales 
in both 1980 and 2000. ‘This is somewhat lower than the RFF 
estimate, which was based on a statistical series that has 
since been revised. From 1960-65, losses remained at about 
10 percent of utility sales. No further decline was project- 
ed since it was assumed that any reduction in losses resulting 
from higher density markets would be offset by greater use of 
long-distance transmission. Losses are applied only to util- 
ity sales, since self-generated power is generally not trans- 
mitted any distance. The FPC National Power Survey also used 
a figure of 10 percent for losses. 


Hydro power estimates were obtained as follows: 1980 -- 
the sum of the annual average generation expected from all 
hydro capacity installed by January 1, 1964, and all Capacity 
already installed or expected to be installed from 1964-80; 
2000 -- the 1980 estimate plus 25 percent of the annual aver- 
age generation from all capacity remaining undeveloped after 
1980. 


The estimated annual average generation of all devel- 
oped and undeveloped hydro Capacity in the United States is 
published by the Federal Power Commission [ll]. The estimates 
of capacity to be installed between 1964 and 1980 were based 
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Carbon black. Estimated at 12 and 10 billion cubic 
feet in 1980 and 2000, respectively. 


__ Pipeline fuel. Estimated at 3.5 percent of all other 
specified end uses of gas (residential, commercial, indus- 
trial, electric generation, carbon black). 


Transmission losses. Estimated at 2.5 percent of all 
specified end uses, plus pipeline fuel. 


Field use; Estimated at 10 percent of all specified 
end uses; plus pipeline fuel. 


‘Wasted and vented. Estimated at 3 percent of all 
specified end uses, plus pipeline fuel. 


; Natural gas liquids originating in natural gas process- 
ing. Natural gasoline plus 70 percent of natural gas liquid 


emand, converted at 1,343 cubic feet of gas per barrel. 


The estimate for carbon black and the estimated per- 
centage shares of pipeline fuel, transmission losses, field 
use, wasted and vented, and the percentage of natural gas 
liquids originating in gas processing are those used by RFF 
in their study. 


Petroleum 


The projections of oil consumption for defense, agri- 
culture, and asphalt and road oil were based on RFF projec- 
tions. Miscellaneous uses of oil were estimated at 5 percent 
of all other uses. Liquid refinery gas was estimated at 30 
percent of natural gas liquids demand. That part of the gaso- 
line market supplied by natural gasoline (all assumed to or- 
Pears: in natural gas) was subtracted from the consumption 
of oil. 


Natural Gas Liquids 


The RFF projections of natural gas liquids. for agricul- 
ture, industry, and motor fuels were also used. Natural a 
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gasoline was projected to increase at the same rate as na- 
tural gas. 


Coal 


Exports of coal were projected at 70 million tons in 
1980 and 100 million in 2000. This projection was based 
primarily on the assumption that the demand for UsS: metal- 
lurgical coal from foreign steel producers would continue 
to grow. It waS assumed that the railroads would use no 
coal in 1980 and 2000. 


Electric Power Generation by Region and State 
/ 


The trend in the per capita consumption of electricity— 
in each region was determined for the 1950-65 period and ex- 
trapolated to 1980 and 2000. It was assumed that variations 
in per capita consumption between the regions would decrease 
as regional advantages and disadvantages affecting the level 
of consumption diminish. For example, in 1965 per capita 
consumption ranged from 17 percent above the national average 
in the South to 37 percent below the national in the North- 
east. By 2000 it was estimated that per capita consumption 
in the South would be only about 3 percent above the national 
average and that per capita consumption in. the Northeast ; 
would be only 5 percent below the national average. 


The per capita estimates for each region were multi- 
plied by the medium population projections for 1980 and 2000 
to obtain the medium generation requirement for each region. 


The low and high generation requirements for each re- 
gion were obtained by applying each region's percentage 
share of the national medium generation projection to the 
high and low generation projections for the Nation. For ex- 
ample, by multiplying the per capita consumption projections 
for the Northeast by the medium population projection for the 
Northeast, a medium generation estimate of 561 billion kilo- 
watt hours was obtained for 1980. This is 20.2 percent of 
the medium generation estimate for the United States in 1980. 
The low and high estimates for the Northeast were therefore 


5/7 Obtained by dividing electricity generated by population. 
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projected to be 20.2 percent of the high and low national 
projections. 


This method was employed because the share of each 
region's population as a percentage of the total national 
population in 1980 and 2000 was the same for the low, medium, 
and high projections, and it was assumed that their shares 
of generation requirements would also be the same, 
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Table 116. Residential Consumption of Fuels and Electricity by Type of Use, 1960 
and 1965, and Projected 1980 and 2000 


1960 1965 





Gas (trillion B.t.u.) 


Spaceheating...ccesccceees 


RANGOB . ce ccccscrccccaseccs 260 282 
Water heaterS...sseessesee 527 632 
Clothes dryers......seeeee 13 20 
Other USES... cccceccerececs 218 397 


LPG (trillion B.t.u.) 


Spaceheating....secesevees 145 184 
Ranges...... ce dececrccouce 65 70 
Water heaters......+eeeee5 58 70 

Total. covcccccccccenccns 268 324 


Qil (trillion B.t.u.) 


Spaceheating......e-seees- 
Non-spaceheating......-+-+ 


TOTAL. cccccccscccsscvens 


Coal (trillion B.t.u.)2/.... 


Total fuel (trillion B.t.u.) 





Physical units :2/ 
Gas (billion cu. ft.)..... 


LPG (million bbls.)....... 68 81 
Oil (million bbls.)....... 463 462 
Coal (million tons)....... 20 14 
Electricity (billion kw.-hr.) 

Spaceheating.,......++eese- 12 36 
Air conditioning.......2.. 9 22 
RANGES. ccccccccccecasences 21 28 
Water heaters......seeeees 45 2 
Television and refrigerators 28 33 
FLOGZOLS. occ ccc veceversers 9 12 
DFYOXSecssseveres ocgeene we 9 12 
Lighting...ccccsecrareeees 43 oS 
Miscellaneous.......++.+++ 17 26 

Total electricity....... 294 _ 288 





a/ Includes anthracite. 

















2000 








b/ Converted as follows: Coal = 26.2 million B.t.u./ton; Gas = 1,035 B.t.u./cu.ft.; 
Oil = 5.7 million B.t.u./bbl.; and LPG - 4,011,000 B.t.u./bbl. 


Sources: 1960 data from [16]. 1965 data from [1, 6, 13, 


from the (Electric) Heating Association, 
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Inc, 


14) 


and unpublished data 


| Table 118. Variables Used in Estimating Residential 
Consumption of Energy for Spaceheating, 1960 and 
1965, and Projected 1980 and 2000 


Table 117. ‘Variables Used in Estimating Residential Consumption of Energy, 
Number of Households, Saturation Factors, and Type of Use, by Energy 
Source and Annual Energy Requirement, 1960 and 1965, and Pro- \ 








jected 1980 and 2000 { 






























Households (millions) 








Households (millions) TiCVW ero: elaine) eb iw, ole wlelete sie emis 6° 6 ee Fires: 93.6 
Misa tar Vicker tutes necro wiaee nts 52.6 57.5 76.0 99.0 
74.7 93.6 J 
52.6 57.5 76.0 99.0 High... 2.20 eccccnaccccrccce 77.3 106.0 
ch ae} 106.0 
Saturation factor (percent) Spaceheat 
Air conditioning | " 
ROOD Gu oss seeansie sere: co. ae | 28 50 Electric homes: 
| Central.....-.e-+se-0 | 0 . 4 40 7 
een 4 ee 20510 104.7 1ié 56 PEYcent,..++-+++seeereres 1.7 4.5 18.0 40.0 
Water heaterS......+-++ -| 60.9 70.1 37 200 Number (millions) 
Refrigerators......+--- 95.2, ) 98s% 100 79, 
Television.......+++- Heme 7.1. an 0350 100 100 | LOW. ose ccccreccescorvcs 13.5 37.5 
| Lighting...-.-+-++++-+- | 100.0 190.0 100 100 Medium. ..... cece ee eeees On3 2.6 13.7 39.6 
\ FreezersS.....-2-+-5+++ drei 22.1 23.5 40 BS A 
ee Waloeweyobiis ne High s.sjss'svlafuls 246 Bi« o/5i8 130% _ 42.7 
Miscellaneous....---+-++++se+++ee+% 100.0 100.0 100 100 
; Appliances by energy source (percent) | Nonelectric homes: 
| Bis | Number (millions) 
BLGCUCUC Helei owe cern vind ais le(clerslersieis eiaisle sinisia(sle sien | 34-4 39.0 54 65 | LOW seine ae esoe eg gaees © Gila 56.1 
Coo ee SSA BSE COMO LIS SOCIO niet OR OOD | 65.6 41.0 46 35 Meda Wms chte <cis ovncte iets <' Bi 7 54.9 oes 59.4 
Flectslle.cemic saeaiicinn ene |. 29.9. 33.0 42 58 HUGHES’. claissstursie disse ieialelels =e 63.4 63.3 
‘ Gas/LPG....---- eee e teeters 70.1 67.0 58 42 Percent 
| Dryers | . 
Electric......---- x. | 70.0 . 67.6 50 50 Gas Seat. ciate ectalas sere erate! 48.6 55.1 67.0 74.0 
| Gar cc neepeeerweasosis 30.0 32.4 50 50 . f 
: All others - electric | 100.0 100.0 100 100 ee al gg i oe oe me 24.0 
j (ol: 6 i ey . . ‘ = 
} Annual requirement | LPG 4.4 3.8 4.5 2.0 
Air conditioning - electric (kw.-hr.) } A oae be ee . 
ROOM... ccc sen cccececses Us ni efaivioisieieine wie s oisiwee 00 
ERC Mee MaMn RSE. Ce sonae cana aces ersaeel 4h 3,500 3,425 3,200 2,500 Annual Heat Output per Household 
Ranges | 
Electric eT a! }ig bsp winless e016 016.012 010 0,5 0 v0/s seis 1,200 1,200 1,100 $00 ° . 
in riicesend STEN es noe eee Se Rests | 9.600 9,600 8,575 7,750 | Electricity (thousand kw.-hr.) 14.0 14.0 16.0 16.0 
i Water heaters i i A : 2 a 
Electric (KwW.-hr.)...-.---seeseeeeeeeeeereess } 4,700 4,700 4,700 4,300 ee (million B.t.U-)-+++-- 627 6e.2 710.9 60.0 
Gas (million B.t.U.)....s--+eeee eee e eee e reece | 26 26 26 24 
Refrigerators - electric (kw. Ses SOME tec CEM coe Tran 300 300 300 300 1Cy 
Television - electric (kw chr.) .. 2. e ee eee ee eens 300 300 : 300 300 Efficiency 
Lighting - electric (kw.-hr.)--.+-s-+-++rrerece | 825 959 1,325 1,825 
Preezers - electric (kw.-hr.)+--+--+-+ee+rrseeee | 800 825 9600 900 Electric 110 116 134 190 
; eryecs : Cal Stele o) aeiere).s@le ters bree 
IQS DES 7 ttao loog bake CUSEROEGoUteo aaa Ces | 1,300 1,250 1,100 1,000 | GaS/LPG. 2.26 vs secre tessses 76 Ud 80 80 
Gas (thousand B.t.u.).......-eee reece eee e eee 4,500 4,125 4,000 3,500 . 
Miscellaneous - electric (kw.-hr.)..-++-++ee0-- 330 460 850 1,600 lo} i en bons edie 62 64 70 75 
GOa lic ckels cosets: wie <boitetosie ia wNUae "snare e 51 52 55 55 


By Sp a a 
a/ As of July 1. Annual energy requirement obtained by 


Source: 1960 data from [16]. .1965 data from {1, 6, 13, 
from the (electric) Heating Association, Inc. 
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interpolation on tne 1960-80 trend. 


14] and unpublishea data 


asa ae 


a/ As of July 1. ‘Annual heat output and efficiencies obtained by 


Interpolation of the 1960-80 trend. 


Association, Inc. 
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Source: 1960 data from [16]. 1965 data from [h, 62223;-14) 


| | and unpublished data from the (Electric) Heating 


Table 119. Variables Used in Estimating Commercial and Other 
Nonindustrial Consumption of Fuels and Electricity, 
1960 and 1965, and Projected 1980 and 2000 


Fuel Consumption 


Commercial: 


Total fuel consumption 
Number of customers (thousands) 


LOW. cece cere cece enew esses esesaseveses 


MeGium. ..ccccccrccscveve oo es eccescscccces 6.5 

HIgh. cccccccccccccciccccccccesanenccencces 
Consumption per customer (million B.t.u.).. 362 
Gas 
Commercial as a percent of residential 

GAS SALES... ce scceceencsewesscnssceseees 28.9 
Electricity 
Customers as a percent of households....... L2.3 
Ratio, commercial to residential consump- 

tion per Customer....ccscccescseccssccecs 4.45 
Consumption per customer (kw.-hr.)......... 17,100 

Nonindustrial: 

Gas 

Other sales as percent of commercial..... 51.1 
Electricity 

Streets and highways as percent of 

residential consumption..........4. tedes 3.1 

Other public authorities as a percent 

of commercial consumption............ weae 13.6 


Source: 1960 data from [16]. 1965 data from [1, 7, 24). 
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9.7 
7.4 9.9 
10.0 

380 360 
33.6 38.0 
12.9 13.0 
5.58 6.5 
27,472 58,240 
36.6 40.0 
Sid 3.0 
10.7 10.0 






14.0 
14.8 
15.9 


320 


50.0 


96,450 


35.0 





Table 120. Commercial and Other Nonindustrial Consumption of Fuels 
and Electricity, 1960 and 1965 and Projections to 1980 and 2000 


Fuel Consumption 


Commercial: 


Fuel consumption,..(trillion 
B.t.u.) 


GAB els) sivlele-oisis Aan ct A 


oe ee @ Oe bee 


OL wale) dias) ole) vigtelekatetel er siekassseys 
LPG. «ee eoeeeaeee @eeereoereeeore 


Total fuel « s «0.5-scc-0 ane oe 6 


Physical quantities. 


Gas (billion cus ft.)2... 


Coal (million tons). 


oil (million bbls ») @eee 
LPG (million bbles).... 


Electricity 


Total (billion kwe-hr.)s... 


Other nonindustrial: 


Gas... 


Total ;(trillion Bit.u.).... 
Total. (billion cu. ft.).... 


Electricity (billion kw.-hr.) 


Streets and highways... 


Other public authorities... 
A@miCuLEULE « ss ie 610s esele 


TOS Ales, oicale cl eke lene) oieialadeha 


Source: 


ooeecee 


1960 data from.(16]. 


1960 


920 
600 
840 

80 


2,440 


889 
23 
138 
20 


123 





1965 


202 





1980 

Low d 
2,158 2,196 
100 225 
1,084 993 
150 150 
3,492 3,564 
2,085 2,122 
4 9 
L75 160 
37 37 
565 577 
863 878 
834 848 
20.0 20.4 
56.5 57.7 
25.0 25.0 


101.5 103.1 





1965 data from [Lie eal. 
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582 


894 
864 


20.8 
58.2 
25.0 


104.0 


1,350 


897 
867 


3661 
135.0 


35.0 t 
206.1 


1,427 


2,909 
300 
1,704 
175 


5,088 


2,811 
11 
275 
44 


1,534 


1,018 
“984 


40.8 
153.4 
35.0 


229.2 


Table 121. Variables Used in Estimating Consumption of Electric Power 
by Manufacturing Industries, Mining and the Atomic Energy Commis- 
eo) sion, 1960 and 1965 and Projected 1980 and 2000 





rr 8 re ce er ee ee ee ee ee, ae 


Item 1960 1965 


ne nn rc a ec oe a ee ne 






Manufacturing: 2/ 
Durables 
FRB index..........-... | 108.5 148.4 283.69 309.29/318.19 517.39/ 612,29/677.09/ 
Consumption per index 
point (million kw.-hr.) 660 669 820 820 820 940 940 $40 
Nondurables 
ERE PIndeN ohla esas oe vate 109.5 140.8 258.3 281.8 290.0 492.1 582.4 644.1 
Consumption per index 
point (million kw.-hr.) 1,347 1,403 1,600 1,606 1,600 1,760 1,760 1,760 
Steel: 


Production (million tons) 


Electric furnace....... 8.4 13.8 36.7 38.1 35a 12eG ro25 S32 
Ferro alloys in electric 

FUTNACEE... ais icic ees cere 25 2.10 2.8 2.9 3.0 4.8 ey 6.1 
All other steel........ 90.9 239 57 269.0 279.8 286.4 443.9 482.2) 57252 


Power consumed 
kw.-hr. per ton 


Electric furnaces...... 700 6752/ 600 600 600 500 500 500 
Ferro alloys in electric b 

PULRAGEG oi ets sete cies = Osis 6,000 5,750 )) 5,000 5,000 5,000 4,250 4,250 4,250 
Other, steel. .... 05. .5.% 200 215= 265 265 265 350 350 350 


8 Nonferrous metalss;s 


Aluminum production : 
(MITT ONE CONST ccs 5 este 2.01 2.65 4.4 5.4 Uae: 5.5 9.9 13.9 
Kw.-hr. per ton....... 18,100 18,000 16,400 16,400 16,400 15,500 15,500 15,500 


Magnesium 
(Thousand tons)....... 40 81, / 32 39 52 26 43 66 
Kw.-hr. per ton....... 19,000 18,200 16,200 16,200 16,200 15,000 15,000 15,000 





Copper 
(M2 Vijon’ tons). ...2..- r.55 RS Me 1.59 1.95 2.08 0.99 2.70 Sas 
Kw.-hr. per ton...... - 2,100 2,150 2,300 2,300 2,300 2,500 2,500 2,500 
Zinc | 
(Million tons)...... Ae -82 93, -93 97 1.06 -90 Rese 1.85 
Kw. hr. per ton... .... 2,200 2,300= 2,600 2,600 2,600 3,000 3,000 3,000 
Other non ferrous pro- 
cessing (billion kw.-hr.) 2.00 2.38 4.36 Sane 6.22 5.40 S585 20-26 
Mining: 
ERB PINdeXe. <1... Rawle Sietene a 87 108°/ 149.3 LES S2EG RES 304.8 360.5 395.4 
Consumption per index c/ 
point (million kw.-hr.) 170 208= 220 220 220 240 240 240 
Atomic Energy Commission (bil- 
Sake KWo ns Vitec. ser eee 60 38 30 35 40 30 35 40 
a/ Excludes Primary metals and power consumed by the Atomic Energy Commission. 
b/ Obtained by interpolation on the 1960-80 trend line. . 
c/ 1963 data. 
d/ Includes Primary metals and petroleum refining. 
-) Source: 1960 data from [16]. 1965 data from [2, 8, 19, 22 24) . 
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—$——$_$— SS eee eS ee 


“by “Manufacturing Industries, 1960 ¢ and 1965, 
and Projected 1980 and 2000 





Senet eR He RTE OEE NERS REPRE RE NE RR RR I OEE RO cael SM ENN a Aa 


Teen L960 L965 


; , a 
Manufacturing t- 


FRB index of manufac~ ; 
curingss:.isnwseosevens | 110,07 80.22/72, 68/297. 39/ 308.88’ 1 SoG rder eenare Ged cuer 
Fuels ccnsumed per index b/ 
point (trillion B.t.u.) 45.0 46.8= 38 38 38 30 30 30 
Fuels consumed (trillion ny 
Bs tates Santen meine’. 4,950 5,620 10,359 11,297. 11,624 (19,228 227751 25,160 


Fuel shares (percent) 


Ceohlink soteecapeelean aenee i 36 sete A ac oe an = a 
Natural gass.s..eeesees 46 45 62 62 62 70 70 70 
OLD san sso Seen Rennie 18 15 15 15 15 15 15 15 


Steel: 


Steel production, ex- 
cluding electric furnace , 
(Million tonB)..eeseseee 90.9 117.7 269.0 279.8 286.4 445.9 482.2 572.2 

Coal ee per ingot 


ton? 1.082 1,008 - 800 «800 - 800 700 -700 - 700 


eoeeeaeeeeverereoe 


Fuel consumed (millions 
of tons of coal equiv- 
alent) sos stank Rear ee 102.9 22.9 Bee 225, Spee esd 35 Gan 385.8 457.8 

Fuel shares (percent) 


76 74 70 70 70 66 66 66 


COAL Sac . wieierete s aie were c 
Od Dy hee & 6 aaa 1S cre as 10 8 8 & 8 8 8 > 8 
Natural gaBvinds.. cess. 14 18 22 22 22 26 4@ 26 26 
Nonferrous metals: 
Index of production...... 100.0 119.1= b/ 218 256 311 270 469 513 
Fuels consumed per’ index 
point (trillion b/ 
2)t.0.)S/. « eeeenonen as 2.50 2092) | Tee 1.85 1.85 1.60 1.60 1.60 
Fuels consumed (trillion b/ 
Bt uih) fe oie aaa wiyeeretntere 250 249 403 474 575 432 750 821 
Fuel shares (percent) 
BOBO LL. nes aback: ON 30 392/ 40 40 40 40 40 40 
Natural gas...-.eceeees 50 44 45 45 45 45 45 45 
IDaaibahe 5. so 0 -ahavela si oo MvRROe vie 20 SH] 15 5 15 15 5 15 
Petroleum refining: 
Petroleum for refining 
(million bbla. )wiwcwsws. 165 193 250 276 pee 391 460 580 
Natural gas for refining 
(trillion cu. £th).cie.. a72 84 1.09 Wek sey, lw 2.00 2uo3 





a/ Excludes primary metals, and petroleum refining. 
b/ 1962 data. 

c/ Five percent of fuel unaccounted for. 

d/ Excludes fuel consumed: to generate electricity. 

e/ Includes ‘primary metals and petroleum refining. 


Source: 1960 data from [16]. 1965 data from (2, 19, 20, 24]. 
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Table 123. Consumption of Fuel and Electric Power, by Industry 
1960 and 1965, and Projected 1980 and 2000 







2000 


Item 






Medium 





Coal (trillion B.t.u. 


All manufacturing@/..... 1,760 1,9802/ 2,383 2,598 2,674 2,884 3,413 3,774 


CRUSE so Soe oo dn sons de gece 21062) 2),,392 3,946 4,106 4,202 6,167 Did Lay O35 
NGMRE I OUBis see eles, 6 © se ve 114b/ 163 190 230 173 300 328 
WOM eco goopebe eGo ar 3,897 4,486 6,492 6,894 7,106 9,224 10, 384 12,017 


Gas (trillion B.t.u.) 


2,250 3,1162/ 6,423 7,004 7,207 13,460 15:926 17,612 
375 85566. 1,239 © 17289+-1;3202)429" “oede =F ite 
195 1352/ 161 515) 259. . 194 338° , 369 
745 9722/1,138 1,252 1,428 1,780 2,090 2,629 


S'tee hc acc ae 5 eo ae oye 


3,495 4,689 8,981 9,758 10,214 17,863 20,982 23,728 


Orla (tri Tli one Bat. uw.) 


All manufacturing?’..... 
Sitl@ Gil iaiene cellorel sh sycl%i 2 Sadao s 
NONE@rroOus...2.eececevee 
Petroleum refining...... 


e80 9722/ 1,554 1,695 1,744 2,884 3,413 3,774 
259-244 451 dao fata nl 7A7 810 959 
50 612/60 71 86 65 Niche aR 
1,040 1,2169/ 1,588 1,751 1,991 2,482 .- 2,917 3,679 


WOKEN Gang ol ens venens 2,229 2,483 37,653 3,986 4,300 6,178 Up) ESI 


* “physical units&/ 


Coal (million tons).... 149 azine 248 263 Pagal 352 396 458 
Gas (billion cu.ft.).... 3,376 44530 8/677 9,428 9,868 17,259 20,272 22,925 
Oil (million bbls.)..... 353 394 580 633 882 980 1,151 1,355 
Electricity (billion kw.-hr.) 

All manufacturing®/..... 219 297 646 704 725 1,352 17600 1770 
Steel. aad... eeeee resent % 30 40 107 112 114 213 230 273 
Nonferrous....... se OTE 46 58 82 104 134 101 181 250 
Mining: ... + die ioenabe 16 24b/ 33 36 37 73 86 96 
OtherG/...... Be ois cures aie 50 38 30 35 40 30 35 40 

TOCRT: cnc tte st ; 373 8457 898 991 1,050 +1,769 Poh Re baer ek ee) 





Excludes primary metals, petroleum refining, and consumption by the Atomic Energy Commission. 
Interpolated from 1962 or 1963 data and the 1980 medium estimate. 
Estimated using 1960 ratio of gas consumed in petroleum refining to petroleum demand, and 
converted at 6,000 cu.ft. per barrel. 
Atomic Energy Commission. 
Converted at 26.2 million B.t.u. per ton of coal. 

1,035 B.t.u. per cubic foot of gas. 

6.3 million B.t.u. per barrel of oil. 


Neg ds 


Source: 1960 data from [16]. 1965 data from [2, 8, 19, 20, 21, 24). 
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Table 124. Fuel Requirements for Transportation, 1960 and 1965, and 
Projected 1980 and 2000 


Item 








Passenger cars 


Total stock (millions)....... -}| 59.3 72.0 Pre. 118.7 136.0 170.5 194.9 229.3 
Population age 20 and 

over per vehicle...... ste eeee 1.86 1.63 Veo Vo2608 Las2 0.90 L200» le 
Electric cars (millions)...... -- -- 0.5 1.0 AB) LS 2.310) Kin) 


Fuel-consuming cars (million). | 59.3 72.0 112.8 Lida7 Pets ags 169.0 192.4. 225.8 


Miles per vehicle (thousand).. 9.9 9.8 9.8 9.8 9.8 9.8 9.8 9.8 
Passenger car miles (billion). 588 709 17205 1,153) 2-aL8 1,656 1,886 2,213 
Miles per gallon....esseeeeeee| 14.3 14.3 14.5 14.5 14.5 14.5 14.5 14.5 


Total fuel consumed j 
(million: bbls Jee. ocecccans 981 i683 1,814 1,893 2,164 Py ie 3,095 3,632 


Trucks 
Total stock (millions) ........{ 11.6 14.0 22.2 24.2 24.9 47.6 50.5 55.9 
GNP output of goods -and. 
structures (dol. billion).... 315 419 733 800 823 1,666 1,769 1,957 
Ratio of stock/GNP goods and 
structures (dol. billion)....]| 27.1 30.0 33.0 330 3320 35.0 35.0 35.0 
Miles per vehicle (thousands). | 10.9 12.4 10.9 10.9 10.9 10.9 10.9 10.9 
Truck-miles (million3)........ 126 174 242 264 271 519. 550 609 
Mides-per gallon..... ak in Rc peat 7.5 715 +758 7.5 The 7a 
Total fuel consumed 
(minkkdion, bb1s. )« jive oe 6 sidelee ce 379 488 768 838 860 1,648 = Lg746 1,933 
Buses 
Index of growth..-.seevecevene 100 102 ELE 126 144 140 160 LIA 
Interurban... .cecresareverecs 100 114 100 125 150 95 110 125 
Local commercial...... eel ats ats 100 83 100 110 125 125 PUB iS 150 
S@NGOLE « scuas + maeane meheeedens ours 100 120 145 156 172 202 236 289 
Bus-miles....secsencee Pines Aire 4.4 Pg | 4.9 5.5 6.3 6.2 Tao ae 
Fuel consumed (million 
bE i) ie saree steve wae aleians, <2) 0.7.6 20 ae 22 25 28 28 Si 35 


Ey EEEnnEEEESEEESnEEnneeeeel 


Source: 1960 data from {16]. 1965 data from [3, 17, 251). 
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Table 125. Fuel Requirements for Transportation, 1960 and 1965 and 
Projected 1980 and 2000 


(Million barrels) 





Passenger cars..... 981 1,183 1,814 1,893 2,164 2,719 3,095 3,632 
THUCKE eke ets 379 488 768 838 860 Wecas. $2746 —-15533 
HOnek se ne ees a 20 21 22 25 28 28 31 35 
Railroads....0.ese* 90 91 80 130 200 90 200 420 
MAPLES Peek he ae 80 57 190 210 270 360 450 760 
Other®/./ oe. the 100 155 244 263 299 485 552 678 
Total eee teas el 650) | 225095 $118) 35359 3,821 5,330 6,074 7,458 





a/ Includes aviation, inland and coastal shipping and oil pipeline use. 


Source: 1960 data from [16]. 1965 data from [15, 24, 25]. 


Table 126. Consumption and Generation of Electricity, 1960 and 1965 
and Projected 1980 and 2000 


(Billion kilowatt hours) 





Total specified uses..... 711 99F8 627235 27352 2,428 4,529 5,048 57552 
Oh al KS Gini. OREO Horie OOK 42 68 179 188 194 453 505 552 

Total all end uses..... 753 1,059 2,414 2,540 2,622 4,982 S293 6,102 
Total industry use....... 373 457 898 99% 1,050 1,759 2,132 2,429 
Self-generation as per- 

cent of industry use... 23.6 22.3 14 14 14 10 10 10 
Self-generation.......... 88 102 126 139 147 172 213 243 
Utility sales..........-. : 6842/ 957 2,288 2,401 2,475 4,805 5,340 5,859 
Losses as percent of a/ 

utility sales.......... 10“ 10.2 10 10 10 10 10 10 
Amount of losses......... 692/ 98 229 240 248 481 534 586 
Generation requirements... 845 Ppi57 §2,643 - 2,780 2,870 5,463 6,087 6,688 





a/ Adjusted since RFF estimates were made. 


Souree: 1960 data from [162. 1965 data from [1, 2, 6, 7, 8, 10, 13, 14, 19: 
20), 21, 24le 


Table 127. 
1960 and 1965, and Projected 1980 and 2000 


(billion kilowatt hours) 








Total Generation........ eae g45 1,157 2,643 2,780 
Nuclear........2.2-0--20e = 4 893 893 
Hydro... ..------2----ee eee 149 197 305 305 
Thermal cornventional......- 696 956 1,445 1,582 

Natural Gas 
Percent share of 
conventional thermal. 26.0 25.8 24.0 24.0 
Generation........---- * 181 247 347 380 
Foel rate (cu. ft. per 
thousand kw.-hr.).... | 10,910 10,400 9,300 9,300 
Amount used (billion af 
Cu. Et.) cece cece ewes 2,034 2,569 3,227 3,534 
oil j 
Percent share of con- 
ventional thermal.... 7.6 7.6 5.0 5.0 
Generation.........-+-- 53 73 72 79 
Fuel rate (bbls. per 
thousand kw.-hr.)..... 1.85 1.76 1.58 1.58 
Amount used (million a/ 
Bhis.) 2... 2c eee ee eee 101— 128 114 125 
Coai 
Percent share of con- 
ventional thermal.... 66.4 66.5 71.0 71.0 
Generation..........-- 461 636 1,026 1,123 
Fuel rate (lbs. per : 
We BT) oan aa cickts © cers 0.388 0.86 0.74 0.74 
Amount used (million a/ 
tons) .........- aes ale 208— 273 390 425 


Electricity Generation by Source of Energy, 


71.0 
i,187 


a7 RFF adjusted the amounts of fuel used to account for a lower heat 


rate at nonutility plants. 


Source: 1960 data from [16]. 1965 data from [7, 10]. 
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77.0 


1,840 


0.625 


575 


Table 128. 





Carbon black.......---2++++: .20 
Pipeline fuel.........-.-+- 36 


Transmission losses........ -26 
' Field use (excl. NGL 
| extraction loss).......... 1.32 


Wasted and vented..........- -56 
Natural gas liquids orig- 





6,087 6,688 inating in natural gas 
; processing....-.-+-++-++++- 
3,059 3,377 Other. nccccvvvnsccessecs 
343-343 
Total. .ci-. ages chavaeamnect Nee 
2,685 2,968 
Petroleum (million bbls.) 
20.0 20.0 
Defense.......-ccccsnccenee 213 
537 594 Agriculture. .2<s:f%0- sane 128 
Asphalt and road oil....... lll 
7,875 7,875 Miscellaneous..........+-+- 149 
Liquid refinery gas.....-.. 78 
4,229 4,678 | Total civ, coc s eee eel OTS 
Less: Natural gasoline 
3.0 3.0 originating in gas pro- 
CeSSiNng.....-- 2+ ee eeeeees 185 
81 89 
1.36 236 Natural gas liguids (million bbls.) 
Agriculture..........-+++-- 12 
110 ial IndusBtry....-.esseseeeceees 119 
Motor Fuel... 2c cseesccsass 12 
Natural gasoline........... 185 
77.0 77.0 
Less: Natural gas liquids 
230674 2728 originating in petroleum 
YFELINING...ccececcsesescecs - 78 
0.625 0.625 
ana A 
636 714 Coal (million tons) 
EXpOrts....-.2+--eeseeeeeees 38 
a! Railroads.......-ssseseeees 3 


-10 
52 
33 


1.67 
31 


oad 
072 
Pi) 


2.13 
-64 


99 
137 
197 
227 
145 


815 


370 


145 


a/ 

b/ Interpolation from RFF 1960-70 trend. 

c/ Estimated at 5 percent of identified uses. 

a/ Estimated. 

Source: 1960 data from [16]. 1965 data from {24]. 
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267 
144 
224 
250 
176 


1,061 


390 


176 


70 


430 
151 
277 
288 
220 


1, 366 


409 


220 


70 


Other Consumption of Natural Gas, Petroleum, Natural Gas 
Liquids, and Coal, 1960 and 1965, and Projected 1980 and 2000 


99 
135 
334 
356 
278 


1,202 


533 


278 


100 


Adjustment by RFF to make data agree with Bureau of Mines estimates. 


335 
158 
448 
418 
490 


1,849 


601 


26 
1,336 
63 
601 


490 


100 


716 
181 
710 
526 
649 


2,784 


671 


649 


100 


APPENDIX TO CHAPTER VII 
LUMBER, PANEL, AND WOODPULP PRODUCTS 


Projections of the consumption of lumber veneer and 
plywood in 1980 and 2000 were based primarily on two recent 
studies by the Forest Service [3, 4] in which projections of 
demands were made for all types of wood products in 1980 and 
2000. The approach in both studies was to relate unit con- 
sumption of wood products by the major end uses (residential 
construction, paper, etc.) to independent variables such as 
population, GNP, disposable personel income, and industrial 
output. These projections have been used as the basis for 
the projections in this study, adjusted to incorporate the 
independent variables and for somewhat different assumptions 
as to the rate of technological change and rate of substitu- 
tion of nonwood products for wood. 


Lumber, Veneer, and Plywood 


Timber Trends [3] provided the basis for the projec- 
tions of lumber and veneer and plywood. Historical data on 
the consumption of lumber and panel products by end use is 
very limited. For most end uses, the Forest Service esti- 
mates of total consumption and unit consumption were related 
to an independent variable for the base year, 1962, and, if 
possible, for one or two other postwar years. Since 1962, 
however, no estimates have been made of the consumption of 
lumber or panel products by end use. 


In this study, trends in the independent variables 
used in Timber Trends since 1962 were examined and the Forest 
Service projections of these variables for 1980 and 2000 were 
adjusted in accord with recent developments. Projections of 
independent variables presented elsewhere in this study were 
used where relevant. For example, projections of the number 
of dwelling units (used to project residential consumption) 
are related to the number of households, which are, in turn, 
a function of the population projections. 


Projections of lumber consumed per unit (per dwelling 


unit, per dollar of expenditure, etc.) were generally lower 
than those of the Forest Service in most end uses, primarily 
because a more rapid rate of substitution of nonlumber pro- 
ducts and of panel products for lumber was assumed. Recent 


Preceding page blank 
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trends indicate much greater use of plastics and plywood 
than was indicated by Timber Trends, partly because of the 
tendency toward prefabriciation in some sectors. Conversely, 
the projections of unit consumption of veneer and plywood 
are somewhat higher than those of the Forest Service. 


Woodpulp Products 


The projections of the consumption of woodpulp products 
were based on a recent Forest Service study [4] in which pro- 
jections were made for paper and board, all types of woodpulp, 
and pulpwood for 1970-85. 


The Forest Service projections of the consumption of 
each type of paper and board for 1980 were related to various 
independent variables, such as gross national product and 
disposable personal income. These were adjusted to account 
for the higher GNP and DPI assumed in this study. For 2000, 
the Forest Service 1970-85 trends were extrapolated and ad- 
justed to fit the projections of independent variables in 
this report. 


Projections of the amount of woodpulp.and other fibrous 
materials used in paper and board production and of the pro- 
duction of various types of woodpulp in 1980 were also based 
on the Forest Service projections. The 1970-85 trends were 
extrapolated to 2000. 
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Table 129. Houséholds and Dwelling Units in the United 
States, 1950-66 and Projected 1980 and 2000 


(in thousands) 















All Vacant 
Year dwelling Households dwelling 
units units 





nt, Sores, 46,137 42,969 3,168 
SOP P as 58,468 52,799 5 513 
eteteete as : -- 53,464 n.a. 
scaherpens Osis ia Ses 54.652 Theidis 
iefaTawusto mee -- 55,189 : n.a. 
et antes Mig es 55,996 n:a. 
pee = 57,251 - na. 
Raat enet ough e -- 58,092 Naas 
Ree aes 84,500 76,000 8, 5002/ 
bone lee: 110,000 99, 000 11, 000 


— 
a/ Vacancy rate assumed to be 10 percent. 


Source: Historical data from -[2]. 
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; ; ; - Table 131. Dwelling Units Provided Per Year, Increase and 
Table 130. Dwelling Units Provided Per Year in the Replacements, 1950-65 and Projected 1980 and 2000 
United States, 1950-66 and Projected 1980 and 2000 


in t d 
(in thousands) (in thousands) 





Increase 
in 
inventor 





Average 
per 

















Type of unit 





Replacements 





_ Net additions 


Year 
by conversion 
1950-59..... 1686.1 IU DS1). Th 453.0 
\ 

1950-59 1,686.1 121585 45.0 199.4 40.4 185.8 1960-65 Tesoeon 1180.0 450.0 2 
1960'..... 25 1,008.8 50.5 236;805- 1299,0 nea- 

1980 Seek 2200.0 1295.0 905.0 
HOG Wee 2! 2s 989.3 50.0 326.1 86.0 near 
$962 so = 996.3 56.1 440.2 120 Make SOO Ga wide eck 2500.0 1245.0 1255.0 
POGS veers =e n.a. n.a. n.a. P5150 n.a. 
MOGA mere xpee 973.0 62.0 556.0 191.0. aisle 
1965 .... = 964.0 57.0 552-0 216.0 neae 
1966 4... sais 795.0 46.0 4x10 217-0 nea. 
1980 3. ..| 2,200.0 1,180.0 70.0 611.0 275.0 100.0 ; 

: a/ Estimated from housing starts and mobile home saies. 

2000 -.~--| 2,500.0 1,225.0 75.0 850.0 250.0 100.0 ed Poks AEeaN 


a/ Annual average. 


Source: Historical data from [3]. 


Source: Historical data from [2, 3]. 
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Table 132. Wood Used Per Dwelling Unit, 1962 and Table 133. Expenditures for New Nonresidential Construc- 
Projected 1980 and 2000 tion, 1950-65 and Projected 1980 and 2000 


(billion dollars) 


1962 


1 
Item (Actual) 1980 2000 
















Year Amount 
ane feet) 1950-592/ 27.9 
One- and two-family units} 11,190 10, 299 te tp 1960 3208 
Multifamily units ....--- 4,500 4.050 3,000 1961 33.5 
Mobile homes -------+-+-+--- 1,800 1,800 1.500 1962 SSeS) 
1963 35.0 
Veneer and plywood 
(square feet 3/8" basis) 1964 38.5 
One- and two-family units 3,010 5,106 6,100 1965 AaA.O 
Multifamily units ...---- 1,800 2,100 2,400 
Mobile homes ..-..------- 1,840 2,000 DALOO 1980 57 
7 2000 83.4 
stg ee eS se eee reat 
a SG eer cae a/ Annual average. 
aL Hee Source: Historical data from [2]. 
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Table 135. Expenditures and Consumption of Lumber, Veneer, 
and Plywood by Type of Use for Upkeep and Improvements 


Table 134. Lumber and Veneer and Plywood 1962 and Projected 1980 and 2000 

Consumed in Nonresidential Construction 

per Dollar of Construction Expenditure 
1962 and Projected 1980 and 2000 






1980 2000 
| Low | Medium] nigh | tow | Medium 
ya/ 














oO 2 


Item 2000 Expenditures (billion dollars 


; 1980 





(actual) : ; 
Residential ...... ee ESer2 Lee 19.8 LO] PMaya is) 2160 
| Nonresidential --.-]|-12.6 178 VO" 7 Wey a IL ZO 258 2807 
peepee board reel) ae pier. \ 4 | 0.15 Q<1272 02075 
Veneer and plywood Lumber 
square feet 3/8" basis)...... : o 
(sq eet 3/ asis) 0 ae 0.18 Giga Hoard fes@iper 
dollar expenditurd .227 - 164 - 164 . 164 SANG) sa PAS) al20 
: Volume (billion 5.40 5.91 6.20 6.39 4.84 6.50 Qe 7s) 
Source: 1962 data from [3]. i board feet) ----- o 


Veneer & plywood 
Sq. feet per dollar 


expenditure.....| .635 .898 .898 .898  .840 .880 .900 
Volume (billion 15 Ob SG 3.40 3550 "a0 236 4.80 5.07 
board feet) ---.. 


a/ 1961 dollars 


Source: 1962 data from [3]. 
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Table 136. Expenditures for Farm Construction and Repairs, 
and Lumber, Veneer, and Plywood Consumed, 1962 and 
Projected 1980 and 2000 










1980 2000 


| Medium | High | Low | Medium | 


Item 





High 





Expenditures a/ 


(million dollars) 1420 830 865 900 560 770 780 


Lumber 


Board feet per 
dollar expenditure; 1.41 de 25 1.45 ie 15, 0.90 0.90 0.90 
Volume (billion 
board feet) ------ 


2.00 0.96 1.00 1.04 ° 0.50 0.70 0.70 


Veneer & Plywood 


Sq. feet per dolla 
expenditure...--.- Os 0.44 0.46 0.48 O75: 0.78 0.81 
Volume (billion Oza Lt 0.36 0.40 0.44 0.42 0.60 0.63 


board feet) ------ 





a/ 1961 dollars 


Source: 1962 data from [3]. 
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Table 137. Railway Mileage, Crossties Used, and Lumber 
Consumed, 1950-62 and Projected 1980 and 2000 






Mileage of track 
operated 
ere esckey 
Total crossties 


Year 








---Thousand--- 
1950-5994...... 369.8 343.9 
L960) 5-« esrarererst arse 360.6 245.3 
QOL a aie wel x0 0010 357.9 332.9 
ISD Ge eres sabato esis 354.5 329.6 
1980 
TiO nae sve gee 300.0 279.0 
Medium....... 310.0 288.0 
Uni le § cee Aare ts 320.0 297.0 
2000 
TOW ect acuta at ae se 290.0 270.0 
Medium....... 300.0 279.0 
Hign....% reas 310.0 297.0 


a7 Annual average. 


Source: Historical data from [3]. 


=38'5= 






Number 


of 


crossties 


Million 


PAS 


ft 


Bd. - 


39 


33 


a 


39 


38 


a 
40 


38 
39 
40 












Lumber, Veneer and Plywood Consumed in the 
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Table 143. Consumption of Fibrous Materials in the 
Manufacture of Paper and Baord, 1950-65, and 
Projected 1980 and 2000 


Table 142. Apparent Consumption of Paper and Board by 
Grades, 1950-66 


(million tons) | 


1955 | 1960 1961 | 1962 | 1963 | 1964 | 1965 


(million tons) 





Other 













Paper 
| eee 8.0 1.4 
Newsprint’ ..<..... 5.9. 6m 7.4 aie hed KS 8.1 8.4 Sal 9.0 ee 
Groundwood-....-.. Pigeon On oe 0 eer Os Sam Oc) Ole] Om a,0 2 1.08 2 Se EResmee fe bs ob: 
Book paper .<...+'. McC 2s etcae 2.0 a Ce aor Ae SO FS .5 | en ae as 
Pine” Papeys n. vorcaee lin see (hae Sab, ds Oe ee Gil) me 2ithy td ates, a2. 4 4 256 sogoe wee 38.6 28.6 9.1 1.0 
ip Sk bape ae 1963 en ee Ai 30.2 9.6 153 
Erdal paper ec aire: See 4.2 4.7 4.8 S70) Stoel Since 5.5 5.6 1964 42.5 32.0 9.5 1.0 
Sanitary & tissue. dee lO 2) 2a 2. 3s me 4 2. 6b 28D Fan eo-G 8 (350 19enne 45.1 34.2 om ee 
Construction paper 1.4 6 1.4 1.4 1.4 1.4 1e5 Tels} 15 1980. 4 ‘ 
Tote Fons kee sc $6. Sep 9.4) Oe? Se 29.9 P40. 9554 26.6 28.4 | LOW..'s. cas iy ae 63.0 13.6 0.7 
Medium... 81.4 66.3 14.4 0.7 
Board Bighis <...; 85.6 69.8 15.0 0.8 
Board | 2000 
Container board--.- Oy OUnn 64 Cee Be. 29.5 9. BP eLOue. bh 3 19%5 Low .....- 122.5 104.1 17.2 1.2 
Bending bosrdee sens) — dede 03.9, (424.5°4.5  ~4.9:4-4.85 S32 524° 6.7 | Medium ... 133.7 s LIL. gs 20.5 1.3 
Building wdardee= | Lact + 1278 15953-1296 9:359 2.38 5-9,4%2.5- 2.4 High ..... 142.6 121.2 20.0 1.4 
Others.20 oa cin tes CI ge Os Ont eee Om ea We Pe ce Om 2 353 
Noted. coe mca Loser toe Oe Lee lo. O81 See 9199. 521 29. 32 3-29.59 | 
Total paperys& board! 29..12°35.0, 39.3 40.5 42.3 «43.9: 46.6>.48.9 52.3 | Source: Historical data from [4]. 
_ 


Source: Data from [4]. | 
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Table 145. Consumption of Pulpwood in the United States, 
1950-66 and Projected 1980 and 2000 


{million cords) 
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1 3 : | 
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So’ 
“@ £950 22502 oe 33.7 23.6 10.0 
5 ater at 1955-.._.... 42.0 33.4 8.6 
a0 ae 1960 -...-- + 48.6 40.5 8.3 
Bo os ’ 19612 een es 50.1 42.2 7.9 
ae | 1962 52:.- 555 52.5 44.1 8.5 
a ee 1963 -5os ss oe 54.1 46.4 7.7 
ads oO or @ = 
a » . ° i 1964 ......-- 58.1 50.1 7.3 
=i =) 4 es _ 
ao n | 1965 ..--- oat 61.8 52.8 9.4 
Ses 1966..---- = 65.2 55.4 3.8 
go TF 
eer! oe ote 1980 
ote a 4 Ecos 103.9 92.2 11.7 
es | Medium...- 110.3 98.6 Ll? 
a, High..-.--- 119.3 106.4 12.9 
Q -m 
Ez et eas | 2000 
g EARS aise a = 160.0 140.0 29.9 
oO Medium -.--- 174.6 133.3 21.3 
aon ; \ High .-.--- 193.3 169.3 24.0 
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Ae 35 ars 5 S a “ a : a/ Net imvorts of paver, board and oulowood exoressed in 
fe) er “4 © : | ' Aad 3 * i pulowood equivalent. 
g ope Messe Ei ae igre a g | 
| & ee AS ee ae | 5 : Historical data from [4] 
| > Q a a RE Oe Oa! ? 2 Source: Historica ata from - 
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Table 146. Exports of Selected Wood Products from the 2 : | 
United States, 1950-66 7 


(million cubic feet) 


APPENDIX TO CHAPTER VIII 







All 
Products 


OUTDOOR RECREATION 


SOFTWOOD 


ne ie a lear ae ee Ge od eo The Outdoor Recreation Resources Review Commission 
1952 7.06 93.91 0.07 0.85 Ho16 ates ai ee | (ORRRC) was first to develop a model for projecting recreation 
1953 13.67 85.09 0.12 0.62 0.75 15.30 23.29 138.84 demand in terms of visits to recreation areas [1]. In explain- 
1954 16.92 97.06 0.10 0.44 2279) iat la 36.17 194.65 ing the past, as well as projecting to 1976 and 2000, ORRRC 
ea Ae ee ee ine ee ee en oe | used the following variables: (1) per capita real disposable 
1957 | 17.06 103.48 0.12 0.95 6.87 55.78 43.15 © 227.41 -income (thousands of 1960 dollars), (2) per capita intercity 
1958 20.24 91.32 0.14 0.77 6.94 45.65 40.53 205.59 automobile travel (thousands of passenger miles), (3) weekly 
1959 26.65 100.91 OVS eee 4 67, 8.09 57.04 41.68 239.19 hours of leisure per employed person, and (4) time. 
1960 | 33.44 115.17 0.14 0.85 11.02 98.44 46.11 305.17 | 
1961 | 68.72 102.62 0.14 0.89 12.7800; 28089 S269) 9337.34 
1962 | 71.98 104.35 0.15 1.08 WS2 BoGeSoum a 4ava2. 9433129 : 
1963. {139.86 | 123.35 0.19 1.14 Ga 200 7) 7 GUNES 4 OSI 44259. The ORRRC model was used in this study to project recre- 
1964 |162.59 134.71 0.34 1.83 ee 67.12 502.42 : | ation visits to Federal and State lands. Further, the model 
wee pas eater rae et ey ee reas chat was used, with slight variations, to project the levels uae 
; ; ; : ca cares Z : hunting and fishing activities. In particular, a variable was 
ebeules) | added (metro-urbanization) to account for social and other 
TE) ah elise 22022 vie: Dold a Bole Sos Bods if changes associated with increasing urbanization of the popula- 
1951 | 3.418 24.50 0.86 0.01 oe 3.7 6.40 38.89 Lica 
1952 | 3.053 32.48 0.65 0.01 os 4.1 6.95 47.24 : 
1953 | 4.643 26.23 1.04 0.01 — 3.3 5.11 40.33 
1954 | 5.263 26.79 0.92 0.02 as 9.7 8.49 51.18 j 
1955 3.498 37.91 1.09 0.05 Wr. 14.5 11.12 68.17 It was assumed, as in the ORRRC studies [1], that gen- 
a Ul Ba aes ee babes ine ole eee eis ite eral conditions prevailing since 1948 will continue through 
1957 | 5.088 a7073 1.10 0.02 2 15.8 asa 71.91 ; : ale : a 
| i956 |) 6.758 35.60 1.28 0.05 = Ao oF 12.11 69.40 1980 and 2000; that is, "high levels of employment, continue 
1959 | 5.883 36.06 1.40 ‘0.08 -- 18.1 13.16 74.68 U productivity gains shared by consumers and all factors of pro- 
PIeC Re ae o0 Lees el, alr se seh) Booty pecce - @uction, no major economic depression and no catastrophic war 
1961 | 7.870 31.13 1.23 0.08 = 35.2 18.24 93.75 tod." 
1962 j11.051 26.35 i237 0.06 Ss SRE 17.87 93.50 | pez ec 
1963 {11.416 27.01 1.67 0.04 aS 45.8 21.01 106.95 
1964 {10.128 28.08 3.05 0.97 = 52.7 27.42 121.45 
pe mm arias Bee Sek ett! = pecs SBR. Maelo The following definitions were explained in the body 
1966 12.020 31.09 3.25 0.23 = 53.8 35.45 135.84 | of the text and will not be repeated here: study areas and 
1950 7 8 areas e limitations, population, regions, time, and visits. The fol— 
eed gees ca ute es She ee cores pee aaa ; lowing definitions were also used: Income 1s per capita zoe. 
1952 | 40.11 126/39 0.72 0.86 Pichia nateate Sood ee disposable personal income (in thousands of 1958 dollars) ;1/ 
1953 18.31 111.32 1.16 0.63 0.75 18.63 28.40 179.17 mobility (historical) data were derived from Trans ort Eco- 
1954 22.18 123.85 1.02 0.46 2.79 50.87 44.66 245.83 nomics [8]2/ adjusted with new data, and projected mo il ity 
a. ae ais ae ae et: Eee ee pee ata were extrapolated from ORRRC [1, vols. 23, 26]; leisure 
1957, | 22.15 142.22 1.22 0.97 6.87 71.58 ie pene ; is weekly hours of leisure per employed person {1, vols. 19, 
1958 | 27.90 126.92 1.42 0.82 694 nu 59 a2 Sie 2.64” W274.099 23, 26]; and metro-urbanization is based upon the past aver~ 
BOB) S| Setoei | NIG) 1:55 sot S10 ooo ot eg oe) age annual growth rates in metropolitan areas as described by 
1960 | 42.34 148.72 1.4? 0.92 VUO2 L349 Eledal | 397023 
1961 76.59 133.75 1.37 0.97 12s78eg135e480 70.15 451.09 
1962 | 83.03 130.70 1.52 1.14 7.82 136.39 66.19 426.79 
1963 151.28 150.36 1.86 1.18 6.26 163.56 75.04 | 549.54 
1964 {172.72 162.79 3.39 1.90 6.80 181.73 94.54 623.87 17 Source and methodolo explained in Chapter II of this re- 
1965 |189.65 158.04 4.59 2.14 Tor20" Lele22., 105.7278)" 63st. 57 | 17 Source and met gY P 
1965 4221.50 175.16 4.63 3.33 10.20 179.26 118.18 712.26 ye e Pntiehed dae 
And unp ishe ata. 
a/ Estimated. | boat 


Source: Data from [1l). 
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2 


the National Planning Association (NPA) [3, pp. 2-3, 5-759- rR“ x 100 = the percentage of variation in the depen- 
768]. The NPA base allowed a determination of the geographic dent variable during the period covered by 
as well as the demographic growth of urban areas. the equation. 
Metro-urbanization as a percentage Equation Summaries 
Year of total U.S. population 
1965. 67.0 The following equations were used to project visits to 
1980 69.3 recreation areas and levels of hunting and fishing activity 
2000 72.6 in 1980 and 2000. 
Variables Considered in Determining Estimating Equations } Recreation areas 2 
| and activities uation Variable R- 
x) = visits to the national parks per 100 popu- 
lation. | National Parks x) = 8.23 
+ 0.26125(X,), 
xX = per capita real disposable personal income + 0.01733(X,) Time -964 
(thousands of 1958 dollars). 
Other NPS areas Xe = 9.78 
X3 = per capita intercity automobile travel + 1.61333 (X,) Time - 966 
(thousands of passenger miles). | 
National forests Xp, = 55.22 
Ky = weekly hours of leisure per employed person. + 0.09482 (X,) 
- 0.00003(X,)>5 
X. = time (1948=1). bate j + 0.22235 (Xe) Income-time  .999 
Xe = visits to other areas administered by the Wildlife refuges Log X,5 = 1.69858 1 
National Park Service per 100 population. | - 1.541.27957(X)) 
= 1.77042 (5 ) Income-time -978 
X5 = fishing license holders per 100 persons. 5 
1 Fishing license X, = 25.56 
Xe = metro-urbanization. holders + 0.34982 (X5) Income-met ro- 
- 37.01208(Xg)1 urbanization- 
Xg = visits to the national forests, per 100 + 8,174.07013(X2) time 
population. - 0.97505 (4 ) 885 
5 
Xan = overnight stays in the national forests as 1 
a ratio of total national forest visits. Hunting license Xo = -0.02569 
holders + 0.24013 (X,) Metro- 
Xi9 = hunting license holders per 100 population. + 0.00263 (X)) urbanization .969 
2 = visits to wildlife refuges per 100 popula- 3 
tion. 
Xp = interclass differences expressing differ- 


ence in annual rate of change of metro- 
urbanization (XQ) - 
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: , Table 147. Attendance at National Parks 1948-65, 
: Other equations, which appear to explain the past but | and Projected 1980 and 2000 
oat do not appear valid in projecting the future, are shown 

elow: 










Visits to national parks 


ee 


Per 100 
Thousands?’ persons=/ 





Recreation areas 2 Year 
and activities Equation Variable — | 





National parks Log X,; = 0.28363 
+ 0.02926 (X,) | TORQ oats 10,900.3 
+ 0.01529 (X.) Leisure-time .967 W949 cee 12,612.4 8.48 
1950¢s45% ; 13,499.0 8.89 
Hunting license L0gj 9X} 07 Asi: | IG Spool 14,573.4 9.46 
holders - 0.83837(X.) Metro- 1959 3eues 16,440.9 10.51 
- 0.01042 (x)) urbanization .969 
| TOSI havea 16,948.3 10.66 
1954 5ee% 17,489.0 10.80 
L95Soe uss 18,409.4 11.15 
1956.0cr as 19,528.1 11.62 
| 1957gecen = 20,363.0 11.90 
19S eeeaers 21,170.4 12416 
| oso 21,560.6 12.17 
1960...... 25,808.9 14.34 
1961...... 27,021.9 14.76 
| Y¥962..0.0% 32,351.1 : 17.40 
T9Gareen cn 32,666.2 17432 
1964.02 ‘ 33,350.5 17.43 
1965cn eeu. 35,870.8 18.51 
| 19S0ceeaxs 84,013.42 35.72 
ZOUCER Ee 217,799.3o/ 70.76 


a/ Excluding Alaska and Hawaii. 
| b/ 1950-65 includes Alaska and Hawaii. 
c/ Medium population projection used. 


| Source: Data from [9, pp- 2; 10, pp. 5-11; 11, pp. Sith 
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Table 149.. Visits to other NPS Areas .a/ 1948-65 
: and Projected 1980 and 2000 


Table 148. Visits to National Parks, 1948-65, and Com- 
parison of ORRRC and RRNA Projections, 1976, 1980, 
and 2000 











Visits to other areas 







Year 















per 100 
c/ 
persons— 


ORRRC: Visits to RRNA: Visits to 
all national parks! national parks in 
(per 100) | 48 States (per 100) 





Year Thousands-’ 











ee 18,556.9 12.70 
1949...-% 18,762.1 12.62 
T.9'5 Oversee tee 19 ,332.3 12.73 
Spire 7.46 1951... .0= 21,985.5 14.27 
: O52 sierer eters 30,195.8 19.30 
1950... 606 8.89 
DIGS Ss) sere wus 34,847.0 21.924 
WSR S sas 12.69 12.17 1954...-. : 36,190.5 22.35 
1955 oss sie 37,685.8 22.83 
Syehe one 13.242/ 14.34 | sich Sane 41,457.4 24.67 
| L957 dees 46,997.3 27.47 
| 1965....-. ad 18.51 . 
| DOSB 5 sis vo 43,636.4 257207 
PONT Oia 016s = 20.298 ~ .: = 1959. .ses6 46,322.0 26525 
1960...... 52,390.3 2942 
980% ccc —— 35.72 TO Gi wise cs sl 58,547.9 31.98 
\ 1962....-.- | 63,867.9 34.36 
| O00 es ova = 29.10 70.76 
19636 ss 69,067.5 36.61 
1964.....- 74,991.3 39519 
| | L965 204 a. 82,296.0 42.47 
 19B0.. +0 | 148,223.02 63.02 
2000...--- 293,302.69/ 95.29 
a7 Projected ; | 
Source: [2]- 
a/ Recreational areas, administered by NPS, other than national 
parks. 
b/ Excluding Alaska and Hawaii. 
C7, 1950-65 includes Alaska and Hawaii. 
d/ Medium population projections used. 
Source: Visits to other areas from [9, pp.3-7; 10, pp-5-1l; 
11, p-13}. Visits per 100 population from [4]. 
{ 
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Table 150. Visits to National Forests, 1948-64 
and Projected 1980 and 2000 








Visits to national forests 


Thousands 





ZO Dien 


net Cernerticd 25,956.8 17.46 
1OS0So eae 27,194.1 17.91 
MOST aoc 29,720.9 19.29 
HOS? aes. 32,743.5 20.93 
1953... 35,079.3 22.06 
R54 ae. 39,955.2 24.68 
15555 etc 45,296.4 27.44 
SoBe Ge.2 52,140.0 31.03 
Nosy nese. J 60, 368.6 35.28 
1958..:%. 67,708.8 38.90 
1959.6. + 80,475.5 45.43 
Po60s ew 91.325.0 50.74 
JO6ro.: 6c: 100,589.1 54.95 
Heo ee 111,464.3 59.96 
19632020 120,936.1 64.10 
1964<000 132,385.2 69.18 
Brrr n.a. n.a. 
1980...... 433,026. 72/ 184.11 
5000... 2 958,735. 40/ 311.48 


a/ Visits: 1948-64 The designated unit was "Number of Visits" 
and included any person making recreational 
use of the nationai forest, but for an un- 
specified time. Persons merely passing 
through were excluded. Alaska and Hawaii 
were excluded. 

1965 The designated unit was "Visitor Days of 
Recreation Use", and includes "recreation 
use of N.F. land and water which aggregates 
12 person-hours. May entail 1 person for 
12 hours, 12 persons for 1 hour, or any 
equivalent combination...." Due to the 
change of designated units, 1965 data was 
not included. 

b/ Medium population projection used. 


Source: Visits to national forests from [7]. Visits per 
100 population from [4]. 
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Table 151. Visits to Wildlife Rufuges, 1948-64, 
and Projected 1980 and 2000 






Visits to wildlife refuges 
Year 







Per 100 
persons 





Thousands 





UOASe caus che n.a. n.a. 
D949 Soe Siete N.a. n.a. 
LO 502 erence n.a. n.a. 
165i 3,442.3 2.23 
165700 4,261.0 2.72 
1953s. ck 4686.7 2.95 
1964000 5,202.4 rep 
19550800. 6,974.6 4.23 
1956-5200 7,555.6 4.50 
195720205. 8,667.7 5.07 
1958..... : 9,114.1 . 5.24 
1959.8 9,895.8 5.59 
1960 2.2 10,573.8 - 5.87 
196k 10,994.7 6.01 
See Sie, 10,756.6 5.79 
1963 cece 12,437.6 6.59 
1964; 28 13,907.3 7.27 
V965 cee crea Nisa n.a. 
FORO... ee 39,842.92/ 16.94 
2000...... 77,873. 42/ 25.30 


a/ Medium population projection used. 


Source: Visits to Wildlife Refuge: U.S. Department of Interior, 
Fish and Wildlife Service, Bureau of Sport Fisheries 
and Wildlife, unpublished yearly summaries. These 
figures exclude Alaska and Hawaii. 


Visits per 100 population from [4]. 
Figures include Alaska and Hawaii. 
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Table 153. Fishing License Holders, 1948-65 
and Projected 1980 and 2000 
ies) co a i | 
oe ee 
w wn =~ eo) 
| Fishing license holders 
o 
| oO oO ie) w o) ~ : 
is Sma + wb | 
= ame ale ae 
eee eee Se ce Mas eee eee me Se i eee ae Ce ee amiss AEP ee eee 14,078.0 
2 1949"... 77... 15,478.6 10.41 
a 1990; 5505. 15,766.2 10.38 
= BS shes Pe ee 1951.....% 16,026.7 10.40 
=e a S| | 1952.....% 17,127.9 20.95 
68 Mice. ore haglext ; 
aa VOSS ss be 17,652.5 21.40 
23 §068c,i308 18,580.8 :3,82 
= 1955463006 18,854.8 83.43 
7s j See ey Se ea 1956.06 18,702.0 11.13 
qe oH Oo a TL epee 19,276.8 11337 
i ae ae. Spl a ier | 7 
ae pe) 1956..637's 20,177.6 12.59 
£9 19595362 19,879.7 33 29 
2 $960 .52400 19,031.9 10.5 
ao 196) c8 3.6 19,335.8 ; 10.56 
gm 196250003 19,345.7 10.41 
Ww 
o® | 1963; e550 19,768.5 10.48 
Dg 1964s cee 20,153.7. 10.53 
og 1965.....% 20,428.8 10.54 
oe 
& 1980...... 32,057. 82/ 13.63 
= 
2000... .7<% 57,250, 80/ 18.60 


sed a/ Medium population projections used. 


Source: Fishing Licenses, from unpublished summaries, compiled 
by the Bureau of Sport Fisheries and Wildlife from 
information furnished by the State Fish and Game De- 


Table 152. 





Historical data from [5]. 


a/ “Excluding Alaska and Hawaii. 


I he See ons partments, U.S. Department of Interior, Fish ana 
= ay" ae ss | Wildlife Service, Bureau of Sport Fisheries and 
“D ae ; : ’ Wildlife. Alaska and Hawaii are excluded. Visits 
eet hi tie OR per 100 population from [4]. 

thie apes | am a Bae | Alaska and Hawaii included. 

ee) © Oo ad . k F 
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Table 154. Hunting License Holders, 1952-65 
and Projected 1980 and 2000 | Table 155. Regional License Holders Per 100 Persons, 
1950-65 






Hunting license holders 













Per 100 
Thousands persons 
Fishing 
at 13,902.4 
1953. 0.2<" 14,803.1 9.31 United statesa tot: 10.38 Tr 42 10.57 10.54 
19SR oS: - 14,073.4 8.69 
G55. 14,191.5 8.60 ) Northeast........ 5.35 5.98 5.05 4.48 
915 Giteeae ous 14,461.8 8.61 North Central.... 15.92 15.92 14.26 13.69 
Souths .o5 see ee 7.84 10.28 LORS 10.55 
ISS Teas 14,918.4 8.72 West... i.e Se ie 14.36 14.69 13542 14.66 
E958) 5.2y; 14,085.8 8.09 
195904 oo a0 14,126.6 7.98 
M960Sn5...6 13,865.8 7.70 Hunting 
= EL Sa NRE aa 13,849.2 Ti57 
United States=/ = .. naue 8.60 7.70 7.35 
PEG2e cae ce 13,709.8 7.38 . 
LOGSiirox ences 13,950.6 7.39 } Northeast........ n.a. 6.07 5.26 Seo 
1964...... 14,070.5 7.35 } North Central.... n.a. 10.72 9.73 8.88 
ES 6 Serecsiere 14,278.6 Si, South......-...-- n.a. 7.97 7.49 7.51 
Wests o.25i see te n.a. 10.39 8.54 8.24 
1980.....- 16 )722.72/ eat 
2000. o06% 20;714292/ 6.73 


a/ U.S. total includes Hawaii and Alaska. 


a/ Medium population projections used. Sources: U.S. Department of the Interior, Bureau of Sport 
we ata ie | Fisheries and Wildlife, unpublished summaries, from 
information submitted by the State Fish and Game De- 


Sources: Hunting licenses from unpublished summaries, compiled 
partments and [4]. 


by the Bureau of Sport Fisheries and Wildlife from 
information furnished by the State Fish and Game De- 
partments, U.S. Department of Interior, Fish and Wild- 
life Service, Bureau of Sport Fisheries and Wildlife. 
Alaska and Hawaii excluded. 


Visits per 100 population from [4]. 
Alaska and Hawaii included. | 
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APPENDIX TO CHAPTER IX 


LAND OCCUPANCY REQUIREMENTS 


Definition of Urban Population Used 
By the 1960 Census of Population 


The definition of urban population used in this study 
is based on the definition of urban population used in the 


1960 Census of Population, as follows: 


-+-According to the definition adopted for 
use in the 1960 Census, the urban population 
comprises all persons living (a) places of 
2,500 inhabitants or more incorporated as 
cities, boroughs, villages, and towns (ex- 
cept towns in New England, New York, and 
Wisconsin); (b) the densely settled urban 
fringe, whether incorporated or unincorporat- 
ed, of urbanized areas (see section below) ; 
(c) towns in New England and townships in 
New Jersey and Pennsylvania which contain 
no incorporated municipalities as subdivisions 
and have either 25,000 inhabitants or more 
or a population of 2,500 to 25,000 and a 
density of 1,500 persons or more per square 
mile; (d) counties in States other than the 
New England States, New Jersey, and Pennsyl- 
vania that have no incorporated municipalities 
within their boundaries and have a density 
of 1,500 persons per square mile; and 
(e) unincorporated places of 2,500 inhabitants 
or more. In other words, the urban population 
comprises all persons living in urbanized areas 
and in places of 2,500 inhabitants or more 
outside urbanized areas. The population not 
classified as urban constitutes the rural popu- 
lation. 


---An urbanized area contains at least one city 
of 50,000 inhabitants or more in 1960, as well 
as the surrounding closely settled incorporated 
places and unincorporated areas that meet the 
criteria listed below... 


| Preceding page blank 
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1. Incorporated places with 2,500 inhabi- 
tants or more. 


2. Incorporated places with less than 
2,500 inhabitants, provided each has a 
closely settled area of 100 housing units 
or more. 


3. Towns in the New England States, town- 
ships in New Jersey and Pennsylvania, and 
counties elsewhere which are classified as 
urban. 


4. Enumeration districts in unincorporated 
territory with a population density of 1,000 
inhabitants or more per square mile. (The 
areas of large nonresidential tracts devoted 
to such urban land uses as railroad yards, 
factories, and cemetaries were excluded in 
computing the population density of an ED.) 


5. Other ED's provided that they served one 
of the following purposes: 


a. To eliminate enclaves. 

b. To close indentions in the urbanized 
areas of one mile or less across the 
open end. 

c. To link outlying ED's of qualifying 
density that were no more than 1 1/2 
miles from the main body of the 
urbanized area [l1, Part 1, U.S. Sum- 
mary, pp. xviii, xix, and xXVLI]. 


Measurements of the Number of 
Second Homes in 1950 and 1960 


The number of second homes in 1950 was assumed to be 
equivalent to the number of nonresident dwelling units and 
the number of seasonal dwelling units reported in the 1950 
Census of Housing [5, table 17]. The number of second homes 
in 1960 was assumed to be equivalent to the number of vacant 
housing units held for occasional use plus the number of 
seasonal housing units reported in the 1960 Census of Housin 
[6, table 3]. The 1960 Census of Housing described and com- 


pared these housing classifications as follows: 
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--.Year-round housing units are units which 
are usually occupied or intended for occupancy 
at any time of the year. A unit used only 
occasionally throughout the year is considered 
a year-round unit. In resort areas, a unit 
which is usually occupied on a year-round 
basis is also considered a year-round unit. 


Seasonal units are intended for occupancy during 
only a season of the year. Included are units 
intended for summer or winter recreational 

use, such as beach cottages and hunting cabins; 
units held for herders, loggers, and cannery 
workers; and units intended for migratory 
workers employed in farmwork during the crop 
season. Although units held for migratory 
workers were separately identified by the 
enumerator, they were included with other 
seasonal units in the tabulations. 


Essentially the same definitions were used 

in the 1950 Census. In 1950, however, units 
which were temporarily occupied by persons 
having a usual residence elsewhere (classified 
as "nonresident" units) were shown as a separate 
category and, although they were treated as 
vacant units, they were not classified by 
year-round-or seasonal use as in 1960. It is 
believed that most of the "nonresident" units 

in 1950 would have been classified as seasonal. 


---The category tabulated as "held for other 
reasons" consists of vacant units which are 

for year-round occupancy and in either sound 

or deteriorating condition, and which are held 
for weekend or other occasional use. The 
intent of this question was to identify homes 
reserved by their owners as second homes. 
Because of the difficulty of distinguishing 
between this category and seasonal vacancies, 
however, it is possible that some “second homes" 
were classified as “seasonal" and therefore are 
included in the category "seasonal"...[6, Part l, 


U.S. Summary, p. LIX]. 


-411- 








Table 156. 


Population and Density in Groups 


of Places Classified According to Size, 1960 












Area 


UNITED sTATES?/’ 
Places of 1,000,000 or more 
Places of 500,000 to 1,000,000 
Places of 250,000 to 500,000 
Places of 100,000 to 250,000 
Places of 50,000 to 100,000 
Places of 25,000 to 50,000 
Places of 10,000 to 25,000 
Places of 5,000 to 10,000 
Places of 2,500 to 5,000 
Other urban territory 
Rural territory ; 


WITHIN URBANIZED AREAS 


Places of 1,000,000 or more 
Places of 500,000 to 1,000,000 
Places of 250,000 to 500,000 
Places of 100,000 to 250,000 
Places of 50,000 to 100,000 
Places of 25,000 to 50,000 
Places of 10,000 to 25,000 
Places of 5,000 to 10,000 
Places of 2,500 to 5,000 

Other urban territory 


OUTSIDE URBANIZED AREAS 
Places of 25,000 to 50,000 
Places of 10,000 to 25,000 
Places of 5,000 to 10,000 


Places of 2,500 to 5,000 
Rural territory 


a/ Includes Alaska and Hawaii. 


Source: 


Population 


179,323,175 


17,484,059 
11,110,991 
10,765,881 
11,652,426 
13,835,902 
14,950,612 
17,568,286 

9,779,714 

7,580,028 
10,540,851 
54,054,425 


95,848,487 


17,484,059 
11,110,991 
10,765,881 
11,652,426 
13,835,902 
8,015,421 
8,330,638 
2,862,099 
1,250,219 
10,540,851 


83,474,688 


6,935,191 
9,237,648 
6,917,615 
6,329,809 
54,054,425 
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Land area 





in square 
miles 





3,548,974 


1,261 
1,888 
2,401 
2,728 
37939 
5,319 
6,939 
5,005 
5,242 
5,917 
3,508,736 


25,544 


1,261 
1,888 
2,401 
2,728 
3,539 
2,594 
2,873 
1,488 

856 
5,917 


3,523,430 


2,125 
4,066 
37 DLT 
4,386 
3,508,736 


[7, Part 1, U.S. Summary, Table F, p.xx]. 


Population per 
square mile of 
land area 


51 


13,865 
5,885 
4,484 
4,271 
3,910 
2,811 
2,252 
1,954 
1,446 
1,781 

15 


3,752 


13,865 
5,885 
4,484 
4,271 
3,910 
3,090 
2,900 
1,923 
1,461 
1,781 


24 


2,545 
2,242 
1,967 
1,443 

15 


Changes in Population Density in Urbanized Areas ,2/ 1920-60 


Table 157. 


Land area Population per 


(square miles) 


Population 


s 
° 
al 
oe) 
© 
a 
a, 
je) 
a 
w 
° 
o 
N 
sea 
n 
ue) 
=] 
0 
bal 
a 
av 
a 


square mile 


(thousands) 





5,261 6,580 


34,616 


70 urbanized areas over 
100,000 population....... 


4220 


61 urbanized areas 


4,050 


1,057 


4,280 


50,000-99,999 population.... 


131 urbanized areas 


6,160 


6,318 


36,896 


50,000+ population.... 
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3,740 


1,533 


5,740 


50,000-99,999 population. . 


190 urbanized areas 


5,560 


10,452 


58,138 


50,0004 population.....- 


4,230 


21,500 


91,004 


160 urbanized areas over 
100,000 population.......---- 


1260 


109 urbanized areas 


2,940 


2,611 


7,676 


50,000-99,999 population... 


269 urbanized areas 


4,090 


24,111 


98,680 


50,000+ population......++-- 


f£ the Census. 


areas are similar to but not exactly comparable with 


anize 
ized areas as defined by the U.S. Bureau 0 


urban 


= 


and 4]. 


[4, tables 5-2, 3, 


Source: 
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Table 158. Population and Land Area of Urbanized Areas in the United States, 
1950 and 1960 








1960 (213 areas)2 1950 (157 areas) 





Population 
Area 
Percent 
distri. 





Total United 


States os <5 6 os oe 95,848 100.0 25,544.3 3,752 69,252 100.0 12,804.6 5,408 
In central 

Cities. sss cb a 577995 60.5 167 S35 he0 5,349 48,377 69.9 6,213.2 7,786 
In urban fringe. 37,873 39.5 14,706.6 25575 20,875 30-1 6,591.4 a L667 





a/ 


Includes Honolulu, Hawaii. 


source: «[7;, Patt! £,,UsS3 Summary, table 22]. 


Table 159. Urban Population Densitites in the 48 Contiguous United States ,2/ 
1960 ~ 











Index 
Urban land Urban Population | Urban Population (U.S.= 
(thou.acres) (thou. persons) per acre 100) 





Northeast..... 


Noreh iCentrat . <i. << sic okie 6,553 35,481 Seat 103 
SOUCH Wes sc ce tals os ebib eee 8,233 32,160 Seor 74 
West :2/ 4,055 Zi ig 5.23 99 
Montanaee si vec ce cess 53 338 6.38 ibe pt 
Tdahosereseees kc soe 74 317 4.28 81 
Wromingussoo.202. 32.5 36 187 ae eei9 98 
COLTOTaQO Nec: weccicns cae 202 1,293 6.40 121 
NeW I MEX1CO. 65's ccc eo cec nly Al 627 3267 70 
AEEZONG es Ses dcesliceces 288 971 3237 64 
Utahit oo SSS 5 oar ence 196 667 3.40 65 
N@VEGEs Si cc cccccsene 46 201 4.37 83 
Washington: 3:..+..-c¢ 427 1,943 4.55 86 
OTE QOM sates = cle aietei sata 238 1,100 4.62 88 
Cali forniatees. aacsece 2,324 13,573 5.84 111 
United States*/.. 72.2... 23,656 124,699 5.27 100 


a/ Excluding Alaska and Hawaii. 


Source: Estimates of urban land area based on unpublished estimates by the U.S. Depart- 
ment of Agriculture, Economic Research Service, Land Resources Branch. Estimates 
of urban popualtion based on [7, Part 1, U.S. Summary, table 20]. 
Regional population totals do not add up to U.S. total because of rounding. 


Se eee ee er Er Ee Ce ee 





Table 160. Mileage of Rural Highways in the United States, 1960-652/ 


(in thousands of miles) 





State systems........++.+ 
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G@EGoccatees 


reservation, 


State park, forest,..... 


reservation, 


toll, etc.. 





_ Total rural mileage..... 


Mileages include Alaska and Hawaii; however, in 1965, these two States had a combined 


mileage of only 8,539 miles of rural highways. 


because of rounding. 


a/ 


Items may not add to total rural mileage 


{13, pp. 123-4]. 


- Source 





Table 161. Rural Land Withdrawn for Transportation Uses, 
1959 and 1964 







Average annual 
growth rate 
1959-64 







Region 





-- Thous. acres -- Percent 
Northeast.........| 1,960 1,973 0.13 
North Central..... 10,417 10,593 0.34 
SOU se st 6 ss cles ey gf Brey lye 7,460 0.40 
West :3/ 5,439 5,667 0.82 
Montana......... 728 728 0.00 
Tdaho..ccccscece 280 284 0.28 
Wyoming........- 523 647 4.35 
Colorado........ 652 672 0.61 
New Mexico...... 395 402 0.35 
ALi ZONA sss o0 ne ee 286 296 0.69 
Utah < sists soo wet 235 252 1.41 
Nevada.......e- 441 450 0.40 
Washington...... 327 332 0.20 
Oregon......-+-- 398 415 0.84 
California.....: 1,174 1,189 0.25 
United states?/...| 25,129 25,693 0.44 


a/ Excluding Alaska and Hawaii. 


Source: Estimates for 1959 from [8, table 20]. Estimates 
for 1964 based on unpublished estimates by the 
U.S. Department of Agriculture, Economic Research 
Service, Land Resources Branch. These estimates 
slightly understate rural land areas withdrawn 
for transportation uses because of exclusion of 
some land defined as urban by the U.S. Department 
of Agriculture, but rural by the U.S. Census of 
Population and in Chapter IX of this report. 
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Table 164. Projected Second Homes Per Thousand Population and 
Total Second Homes, 1980 and 2000 
















Second homes Total second homes (in thousands) 
per thousand 
population 





Region 





Northeast...+-. 


North Central. 15 901 931 977 1,091 1,187 1,300 
South....ceeee 15 1,065 1,100 1,155 1,328 1,444 1,636 
West:8/.sse-- cotiad 684 707 739 920 1,001 1,132 
Montana..... 28 22 22 23 27 29 33 
Idaho.....-- 30 23 24 25 29 31 35 
Wyoming..... 26 9 10 = 10 12 13 15 
Colorado.... 22 53 55 57 67 73 83 
New Mexico.. 15 19 20 21 28 31 35 
Arizona...-. 18 40 42 44 60 66 74 
Otahis oss skie 15 19 19 20 27 29 33 
Nevada....-- 15 10 10 10 12 13 14 
Washington.. 20 68 70 73 85 93 105 
Oregon..-.--+- 18 41 42 44 SF 55 62 
California.. 15 380 393 412 522 568 643 
United States> 3,778 3,903 4,095 4,683 5,094 5,724 


« 





Table 165. Rural Second Homes, 1960 and Projected?’ 1980 and 2000 


(in thousands) 


1960 Estimated 1980 


Rural as 
percent of Medium High 
total 












Northeast......-. 
North Central... 


1,040 
BEEP + = = 9-2 1,309 
West:b/ 904 
Montana......-. 
FAARO. -ccvcccs or 
Wyoming......-. 12 
Coloerado..s... 66 
New Mexico.... 28 
ATi ZONnAs seen 59 
Titel... dieeparwie 26 
Nevada.....e+- Ey 
Washington.... 39 92 54 56 58 68 74 84 
Oregon...++-+- 20 86 33 34 35 41 44 50 
California.... 100 78 304 314 330 418 454 514 
United states?/, 1,643 81 a 021: 3, es 3,276 3,748 4,074 4,578 


a rojected at percent of total second homes. 
b/ Does not include Alaska and Hawaii. 


Source: Estimated 1960 data from [6]. 
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APPENDIX TO CHAPTER X 


WATER USE 


Population Served by Public Water Systems 


In projecting the population served by public water 
systems, use was made of population data collected by the 
U.S. Geological Survey in the 1960 survey [3] and the projec- 
tions of total and urban populations presented in Chapter If. 
First, the relationship between total population, urban popu- 
lation, and populations served by public supplies was deter- 
mined for 1960. The relationship determined was: 


Total Population-Urban Population 
Population Serve 


Second, this ratio was applied to the difference between pro- 
jected total and urban populations in 1980 and 2000. The re- 
sulting estimates of the proportion of rural population which 
would be served by public systems were added to the projections 
of urban populations. This procedure assumed that all urban 
populations will be served by water systems and that the pro- 
portion of rural population served by public systems will re- 
main constant. 


Projections of the number of urban places (communities 
of 2,500 or more) in each region were required to project 
water requirements. These projections were made graphically 
on the basis of 1950 and 1960 census data [2]. 


Projections of Water Requirements 


Although projections of only the industrial water from 
public supplies and the consumption of water from public sup- 
plies were made using estimating equations, an attempt was 
made to determine equations for both municipal and domestic 
uses and irrigation uses of water. 


In the case of municipal and domestic water uses, an 
equation was determined which explained the use of water in 
1960 reasonably well (R2 = .835). As indicated in the text 
of Chapter X, the important variables related to personal 


Preceding page blank 
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income and population density. Because the nature of the 
data required cross-section analysis, however, attempts to 
project future consumption on the basis of this equation re- 
sulted in unreasonably strong income efforts which produced 
unrealistically high per capita use projections. For this 
reason, the equation was discarded and the more conventional 
procedure, assuming constant per capita use, was adopted {1]. 


In regard to irrigation uses of water, scatters were 
made of a number of possible explanatory variables, including 
agricultural product originating, average humidity, acres 


under irrigation, etc. Dependent variables were specified in 
terms of absolute use and use per acre. 


As might be expected, variations in water usage were 
significantly correlated only with acres under irrigation. 
In order to avoid problems of estimating errors, it was there- 


fore decided to use the ratio-usage factor approach to making 
projections. 


jections. In order to ! 
(census region) was disaggregated by assuming that the 1960 
State/regional ratios would remain constant to 1980 and 2000. 
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Table 168. Statistical Relationships Between Selected 


Use of industrial water from public supplies 


=i 


i j ter from Pub- 
dependent Variables and Industrial Wa 
erie Supplies, and the Consumption of Water from 
Public Supplies, 1960 


Percent of 


2 
= - 12.14 + .01958 XxX, + - 00033 (X3) 
+ 1,303.40509 X4 02999 


Consumption of water from public supplies 


Log X, = 1.039 + 8.29482 (1/X3) + 5.06547 (1/X_) 


- 0.77640 Log X5 - 0.04082 (1/X) Om 29 


Description of Variables 


= Industrial water provided by public supplies 
= Regional manufacturing product originated 
= Regional number of urban places 


= Ratio of regional manufacturing product originated to all 
nonagricultural product 


= Consumption of water from public supplies per capita of 
population served : 


= Regional population per urban place 


= Ratio of regional industrial water provided from public 
supplies to water provided for municipal and domestic uses 
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Table 169. Urban Places, by Region, 1950-60 and Projected 
1980 and 2000 










Number of urban 


| 1950 | 1960 | 1980 | 2000 _| 





Region ° 
1950 


Fe ne ene Thousands ----------- 

United evatent/e 4,906 5,391 6,088 6,582 BB er 23.2 29a7) 3BE2 
Northeast...... o von PP Lap ea 1,348 1,610 1,830 2550 26.6 28.4 S21 
North Central......|.1,506 1,605 1,744 177855 18.9 225 2 20 9 34.5 
SOUtH s ccclsra- asters oo op [PL DOL 1,651 1,826 17933", 15e3 i965 Zoe 38.4 
Weseee? Si Glisra al ayesha sas 648 787 894 953 2136 2707 41.1 569 
MOntarias =< ae cis ote 27 30 34 38 eles 12.7 14.1 18.4 
Deas oes oeeate 30 34 43 47 8.4 9.3 10.7 13.8 
WYOMING s-.15 ste cis wie 9 19 20 21 TALS 9.8 1235 L726 
COLOTAGO's, ccpeed ate 44 zib 58 61 Leo 25.4 36.4 49.2 
New Mexico...... 32 34 36 37 10.7 18.4 30.6 50.3 
AL EZOMNA « as suave ote 28 35 39 40 14.9 ead 5133 81.0 
UE tlie ctreier eho ares 37 39 40 41 5 Wars bby a 26.5 40.0 
Ne@Vada ire aisre ans, = : 9 FZ a5 17 10.2 16.8 S23 46.5 
Washington...... a3 _ 84 101 a5 5 20.6 2acL 26.2 33% 0 
Oregon... ..-se06 59 61 63 65 Lejos 18.0 26.5 36.9 
California...... 290 388 445 471 29.4 35.0 52.8 7383 


a/ Excludes Alaska and Hawaii. 


Source: Historical data from [2]. 


Table 170. Irrigated Acreage and Usage Factors, by Region 
1960 


(Gallons/acre/day, unless noted) 










Percent of 












Region Consump-| Conveyance Acres total acres | surface water 
Delivered tion loss irrigated} irrigated 
Thous . Percent 
Nertieasit.......6. 459 434 0 170 0.44 53 
North Central... 1,069 735 396 4,102 10.52 47 
SOUEN 6 ce swe A 1,197 864 260 10,238 26.25 20 
west 87 ee — =< -- 24,490 62.79 65 
M@miarias <5. 2,200 1,200 850 2,000 5.23 98 
2) 0 re ar 3,437 1,406 1,563 3,200 BaZa 78 
WYOMING. ....5.- 2,214 L357 929 1,400 3.59 100 
GCotorado.. 25%. 51. 2,812 1,500 291 3,200 egret 80 
New Mexico..... 1,936 1,398 613 930 Zee 50 
BETA s.6 sierere es 3,615 Pir Pe wh 846 1,300 Sess 36 
WAL nee ce ee : 24833 Vo 642 1,200 3.08 88 
Ne@vada.....c0.e. 2,576 1,454 576 660 1.69 88 
Washington..... 3,700 1,300 1,000 1,000 2.56 90 
OLHgON.. . 0.560. 3,000 1,750 938 1,600 4.10 96 
California..... 2,250 1,750 563 8,000 Zoe ok 52 
United states?’ .. -- -- -- 39,000 100.00 -- 


a/ Excludes Alaska and Hawaii 


Source: 1960 data from [3, pp.16-17]. 
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Study of the Impact of Public Lands on Selected Regional Economies. 
By Consulting Services Corporation, Seattle, Washington. Revised 
November 15, 1969. Published in one volume, No. PB 190 16h. 
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